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BBEJAEHUE

Jucuuminna «XuMush» OTHOCHUTCS K MaTeMaTHYECKOMY u
€CTECTBEHHOHAYYHOMY MOAYJII0 oOs3aTenbHOM uactu Onoka 1 OIIOII BO
OakanaBpuata no HanpasiaeHuo 13.03.02 DnekTposHepreTHKa 1 JIEKTPOTEXHUKA»

[lenpto OCBOCHHS TUCHMIUIMHBI «XUMHS» SIBIseTcS (OPMUPOBAHHME 3HAHUUN
TEOPETUYECKUX OCHOB XMMHUHU M CBOMCTB XMUMHUYECKHX 3JIEMEHTOB, COCAUHEHUU WU
MaTepHaioB Ha WX OCHOBE, NMPHOOPETEHHE HABBHIKOB IOCTAHOBKU U TMPOBEJICHUS
7a00paTOPHBIX  UCCIENOBAHMM, W  YMEHHMS  HCIOJNb30BaTh MX B  CBOEH
npodeccuoHanbHOM 1eITeIbHOCTH.

B pesynbraTe 0cBOEHUS AUCHUTUTHHBI 00YYaIOUTUICS TOKEH:

3HaTh:

-OCHOBHBIE 3aKOHBI OPTAHUYECKOW U HEOPTAHUYECKOW XUMHUH;

- KJIacCU(UKAIMIO ¥ CBOMCTBA XHWMHUYECKHX OJIEMEHTOB, BEIECTB U
COCIMHEHU.

Ymersb:

- UCIOJBb30BaTh  OCHOBHBIE  DJEMEHTApHBbICE  METOAbl  XWMHYECKOIO
MCCIIEIOBAHUS BEILIECTB U COCTMHEHUM.

Baagern:

- UHCTPYMEHTapUeM JJIsl pelIeHUsT XMMHUUYECKUX 3a/lad B CBOECH MpeaMETHOU
obnactu; wuHpoOpMalMed O Ha3HAYCHUM U OOJIACTSIX MPUMEHEHHUSI OCHOBHBIX
XUMHYECKUX BEUIECTB U UX COCOUHEHUI

JI1s1 ycemHoro OCBOEHUsI JUCHHUILUIMHBI «XUMHS», CTYJEHT JOJKEH aKTUBHO
paboTaTh Ha JICKIMOHHBIX W Ja0OPATOPHBIX 3aHATHSIX, & TAKXKE OPraHU30BHIBATH
CaMOCTOSTENIbHYIO BHEAYJUTOPHYIO AEATEIBHOCTD.

JIns olleHMBaHUS MOATAMHOTO (HOPMUPOBAHUS PE3YIBTATOB MPEAYCMOTPEHbI
KOHTPOJIbHBIE 3aJaHMsI, KOTOPbIE OOYYAIOIIMECS BBIMOIHSIIOT CAMOCTOATENIBHO MOCIe
MPOCIYIIUBAHUS JIGKIIMM ¢ BBIIOJIHEHUS] JlabopaTopHON paboThl. [lepeuenb
MIPUMEPOB MO BHITIOJIHEHUIO KOHTPOJIbHBIX 3aJIJaHUI TTPEACTABIEH B 3aKJIIOUUTEIIHHOM
4acTH y4€OHO-METOIUYECKOTO MOCOOHs.



1. COAEP KAHUME TEM JNCIHUIIVINHBI 1
METOINYECKHUE YKA3ZAHUA 110 UX OCBOEHUIO

Tematuueckuii 1iaH JEeKIIMOHHBIX 3aHATUH (JI3) nmpencrarned B Tadmwmie 1

Taoauna 1
O0beM (TPpya0eMKOCTh OCBOEHHUS) U coAep:kanue JI3
Howmep Kon-Bo vacos JI3
TEMBI TeMbl IEKIMOHHOTO 3aHITHS Ounas | 3aouHas
dopma | popma
1.1 BBenenue. OcHOBHBIE 3aKOHBI U IIOHSATHSI XUMHUU 2 -
1.2 CrtpoeHue BemiecTna. 2 -
1.3 OO011e 3aKOHOMEPHOCTH XUMHUYECKUX MPOLIECCOB 4 1
1.4 JucnepcHsle cuctemsl. PacTBOpHI 4 1
1.5 KommnekcHbie coeTMHEHUS 2 0,5
1.6 OKUCIUTENBHO-BOCCTAHOBUTEIBHBIC PEAKIIUN 2 0,5
1.7 DIEKTPOXUMHUYECKHE MPOLECCHI 6 0,5
1.8 OOmme cBOMCTBA METAIOB 2 1
1.9 XUMHSI HEMETAIOB. DJIEMEHTBI OPraHUYECKON ) -
XUMUH
1.10 XHUMMYECKHE METObI aHAINU3a 4 -
Hroro 30 6

N3yuath kypc «XuMum» CleayeT Mo TeMaM, MpeIBApUTEIbHO 03HAKOMUBIINCH
C COJEep’KaHMeM KaXJol u3 HUX B paboueit mporpamme. [Ipu sTom Heobxomammo
BHHUKATh B CYIIHOCTh BOMPOCA, a HE MBITAThCS 3allOMHUTH OT/AENbHbIE (DaKThl U
aBiieHust. UTOOBI Jydliie 3allOMHUTh U YCBOUTh MaTepuai, HaJg0 B pabouyro TETpaib
3aHOCUTH (OPMYJIHUPOBKU U OMpPEACICHUS OCHOBHBIX 3aKOHOB U TMOHSITUN XHMUH,
3HAQYEHUSI HOBBIX HE3HAKOMBIX TEPMHUHOB U Ha3BaHWU, (OPMYJIBI XUMHUUYECKUX
COCIMHEHUN U YPAaBHEHUS PEaKIMi, MaTEMaTUUYECKUE 3aBUCMMOCTH U UX BBIBOJBI. B
TE€X Cly4asx, KOrjJa marepuain MOJJAeTCid CUCTEeMaTH3alluH, CIEIYyEeT COCTaBISTh
Ta0auibl, rpaguk U cxeMbl. OHM OuY€Hb O0O0JIETYAIOT YCBOCHHE M 3allOMHHAHUE
ydyeOHOoro marepuasa. Takoil KOHCHEKT Kypca OyJeT MOJie3eH MpH MOATOTOBKE K
sKk3aMeHy. M3ydyeHue wmarepuana 1O JIMTEPaTypHBIM HMCTOYHHMKAM  JIOJIKHO
COIIPOBOK/IAThCS BBITTOJTHEHUEM KOHTPOJBHOIO 3aJJaHuUs 110 TPOAECHHON TEME.

Tema 1.1. BBenenue. OcCHOBHBIE 32aKOHBI M IOHATHS XUMHH
Bonpockl TeMbl

[IpenmeT xumuun

MecTo XuMUH Cpe/ii €CTECTBEHHOHAYYHBIX JUCHUILIUH
3aKOH COXpaHEHHUS MacChl U SHEPTUM.

AtoM, Mosiekyna. [IpocToe u ciioxHOe BEecTBO.
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ORI

KomunuecTtBo BemectBa. MosnsipHas macca.

OTHoOcHUTeNbHAs aTOMHAs U MOJIEKYJISIpHAS. MACCHI.

3aKOH MOCTOSTHCTBA COCTaBa BEIIECTBA, 3aKOH ABOTapo.

3aKOH PKBHUBAJICHTOB.

OKBUBaJICHT. PacyeT »HKBHUBAJEHTHOM MacChl MJII MPOCTBIX M  CJIOKHBIX
BEIIIECTB.

Jluteparypa [1, 4, 6]

MeTtoanyeckue peKOMEeHAAUN

WN3yuass nmaHHBIA pa3faen pabodeil MporpamMMbl, CIEAYET O3HAKOMHUTBCS C

OCHOBHBIMHM TMOHATUSIMU ¥ TEPMHHOJIOTHEH, KOTOPBIE UCTIONIB3YET XUMHUS U YACHUTD, KAKON
CMBICJI MMEIOT INOHSTUS «aTOMHAas Macca», «MOJISIpHAs Maccay», «MOJEKYJSIpHas
Macca», «3KBUBAJIEHT», «IKBUBAJIECHTHAsA Macca», «MOJISIpPHAs Macca dKBUBAJICHTa», U
B KaKMX €JUHULIAX OHU U3MEPSAIOTCSA, IOHATH CBA3b MEXKAY BAJIECHTHOCTHIO DJIEMEHTA
B JIJAHHOM COCIUHEHHMM, MOJIbHOM MAacCOW €ro aroMOB M €r0 MOJIIPHOM MAaccCou
SKBUBAJIEHTA. 3HAHHME SKBHUBAJICHTA HEOOXOJUMO NIPHU pacueTax KOHUEHTpaluu B

pacTBOpax Mmpu BBIYUCICHUAX, CBA3aHHBIX C XUMHWUUYCCKUMHU PCAKIIUAMMU.

AR o

Bomnpocs! 111 cCaMOKOHTPOJISA

HazoBuTte 0CHOBHBIE pa3/ieiibl HAYKW XUMHUH.

CdopmynupyiiTe orpeaesieHue MaTepuu.

Kewm u xorja 0611 cpopMyIHpOBaH 3aKOH COXPAHEHHS MacChl BEIIECTBA?

UTo Ha3bIBAETCS YKBUBAJIEHTOM 3JIEMEHTA?

SBrnsieTcs 1M SKBUBAJIEHT OCTOSIHHON BETMYUHOM ?

Kak BBUHMCIUTH MOJSPHYI0 MAacCy OJKBHUBAJICHTA (IKBUBAJICHTHYIO MAcCCy)
AJIEMEHTA B COCIMHEHUU U CJIOKHOTO BelecTBa?

ChopmynupyiiTe onpenesieHre 3aK0Ha IKBUBAJIEHTOB?

Tema 1.2. CTpoeHue BemiecTBa

Bonpocel TeMbl

Ctpoenue aroma. Mozaenu CTpoeHus aToMa.

KBanToBo-Mexannueckas mozenb aroMa. KBaHTOBBIE Uncia.

DJIeKTPOHHBIE KOH(DUTYypaIluyi aTOMOB 3JIeMeHTOB. COCTaBIIEHUE DJIEKTPOHHBIX
KOH(MUTYpaIUii U AIEKTPOHHO-Tpaduueckux Hopmys aTOMOB JIEMEHTOB.
Xumuyeckass cBs3b. OrmnpelieieHHe W XapaKTEPUCTUKH XUMHUYECKOW CBSI3H.
OCHOBHBIE YEPThl XUMHUYECKOU CBA3HU.

Buner cBsseii. CBoiicTBA M OCOOEHHOCTH KOBAJEHTHOM CBS3U. |UIBI
KOBQJIGHTHON  CBsi3U. J[OHOpHO-akKIENTOPHBIM MEXaHU3M  OOpa30BaHUS
KOBAJICHTHOM CBSI3H.

Jlureparypa [1, 2, 4]

MeTtoauyeckue yKkasaHus

[Ipu m3yueHun 3TOro pasjena Hajo pa3o0paThbCs B AJIEKTPOHHOU CTPYKTYpe

aTOMOB, 3aBUCHUMOCTH CBOMCTB XHUMHYECKHUX BJIEMEHTOB OT CTpOCHHUA UX aTOMOB, B
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3aKOHOMEPHOCTSIX 3alOJHEHUS JIEKTPOHHBIX 00O0JIOYEK aTOMOB C YYETOM YEThIPEX
KBAaHTOBBIX YHWCEJI, MPUHIMIIA HAUMEHbIIEH »Hepruu, npuHuuna I[laymu, npasBun
I'yana n KneukoBckoro.

Onucanve XMUMHYECKOM CBsI3U B JIIOOOW MOJIEKYJiE €CTh IO CYIIECTBY
ONMCAaHUE PACHPENEICHHUS] B HEU BJIEKTPOHHOM IUIOTHOCTH. [lo xapaktepy 3TOro
pacupeneneHuss XUMUYECKUE CBA3U TPAJULIMOHHO IMOAPA3JEISIOT Ha KOBAJICHTHBIE,
HMOHHBIE, METAJUTMYECKUE CBS3U. M3yuuTe TUIIBI XUMUYECKOU CBSI3H.

N3yyast npoCTpaHCTBEHHYIO CTPYKTYPY MOJIEKYJbl, 00paTuTe BHUMAHUE Ha TO,
YTO OHA OMpEIEsAeTCS BUIOM THOPUAN3AIMK BAJICHTHBIX OpOUTaNiel EHTPaIbHOIO
aToMa M YHCIOM HE TOJACJICHHBIX OJJIEKTPOHHBIX IMap, COJEPKALIIUXCA B €ro
BAJICHTHOM JJIEKTPOHHOM CJIOE.

Bomnpocs! 111 cCaMOKOHTPOJISE

l. KakuMu dYeThIppbMsI KBAHTOBBIMU YHCIAMH XapaKTEPU3YETCSI COCTOSIHUE
anekTpoHa B aroMe? Kakoe 3HaueHWe OHM UMEIOT JJIs BHEUIHUX 3JIEKTPOHOB
aToMa aJfOMUHUSA?

2. Kakwne sneMeHTHl B mepuoanudeckon cucreme anemeHtoB .M. Menneneesa
OTHOCSITCA K -, p-, d-, U f- cemelicTBam?

3. Kakoii sHepreTrueckuii moaypoBeHb 3amnoiHseTcs cHavana: 4s wiu 3d; 4f unu
6s? Ilouemy?

4. Kak o0bsicHsETCS IEpEMEHHAs BaJICHTHOCTh Y aTOMOB KPEMHHUSI, CEPBI, XJI0pa U
OTCYTCTBHE MIEPEMEHHOI BaJI€HTHOCTH Y aTOMOB KHCJIOpoJa U propa?

5. B yem 3akmiouaercs npunnun (3ampet) llaymu, npuHUIMI HauMEHBIICH
sHepruu, npasuiio ['ynaa?

6. CoBpeMeHHas (hopMyIHpOBKa repruoaudeckoro 3akona J[.1. Menaeneena.

7. Kak u3MEHsIeTCSl SHEprus HOHMW3alMu B rpynmnax (TJIaBHBIX M TMOOOYHBIX
MOATpyIIax) 1 nepuojaax. B kakux eIMHUIIAX OHA BhIpaKaeTcs?

8. UTo Takoe CpOACTBO K 3JIEKTpoHY? B Kakux eauHuiiax oHo Bbipaxaercsa? Kak
U3MEHSETCS] OKUCIUTENIbHAsI aKTUBHOCTh HEMETAJUIOB B IMEPUOJE U TPYyMIe
nepuoaudeckor cucreMsl dneMeHToB JI.MI. MenaeneeBa ¢ yBenmyeHueM
MTOPSAAKOBOTO HOMEPA dJIEMEHTA?

9. Kak u3MeHseTCs] OTHOCUTEINBbHAS JJIEKTPOOTPULATEIBHOCTh P-3JEMEHTOB I10
IIEpUOJly, B IpyNIle NEPUOANUYECKON cucTeMbl 3neMeHToB J[.M1. Menneneesa ¢
YBEIIMYEHHUEM TOPSIIKOBOTO HOMEpa 3JIeMEHTa?

10.Kakue MoJieKyJibl Ha3bIBAIOT TOJISIPHBIMM, M KaKWe HENoJIIpHbIMH? YTO
CIIY’KAT MEPOU MOJISIPHOCTH MOJIEKYII?

Tema 1. 3. O01mMe 3aKOHOMEPHOCTH XMMHUYECKHUX MPOLECCOB
Bonpock! TeMbl
1. CkopocTh XUMHYECKOM peakiuu. @OakToOpbl, BIMSIOINIME HAa CKOPOCTh
XAMUYECKOU pEAKIINH.
2. BiusiHuE KOHILIEHTPAIIMU PearupyromlnX BeIecTB. 3aKOH JEHCTBYIOIIMX MacC.
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AR S

Brnusinue Temnepatypsl Ha ckopocTh peakiuu. [IpaBuno Bant-I'odda.
Oco0EeHHOCTH KMHETHKM T'€TepOreHHbIX npoueccoB. Karanu3. KaranuszaTopsl.
OObpaTumble XUMUUECKUE PEAKIUH. Y CJIOBUS XMMHUECKOTO PABHOBECHSI.
KoHcTanTta paBHOBecHs U €€ CBSI3b C TEPMOJUHAMUYECKMMH (YHKIUSMHU.
[Tpunnun Jle-1laTenbe.

Jlureparypa: [1, 2].

MeToanyeckue peKOMeHIaluu

OOpaTtuTe BHUMaHHUE HA TO, Kakue (DaKTOPbI BIUSAIOT HA CKOPOCTh XUMHUECKON

peakuuu. Pa3zbepurech B CYIIHOCTM 3aKOHa JEHCTBUSL MAacC, O3HAKOMBTECH C
npaBuiioM Baut-I'opda (3aBUCHMOCTH CKOPOCTHM XMMHMYECKOM peakiuu OT
TEMIIEPaTypPhI).

VscHUTE, TP KAKOM COOTHOUIEHUH CKOPOCTEN OOpaTHOM W MPAMOW peakuuu

YCTAHABJIINBACTCA XHUMHYCCKOC PABHOBCCUC, U KAKHC (1)aKTOpBI MOI'YT BBI3BaTb €TI0
CMCIICHHUC.

Bomnpocs! 1151 cCaMOKOHTPOJISE

Kak opmynupyercs 3akoH aeicTBus macc?

KakuM npaBuiioM MOXHO BOCHOJIB30BAaThCS ISl OOBSACHEHHS] 3aBUCUMOCTH
CKOPOCTH PEAKLIUH OT TEMIEPATYPHI?

Kakoii mpuHuumn gaet 00bsICHEHUE CMELEHUI0 XUMUUECKOTO paBHOBECHUS?

Tema 1.4. lucnepcHbie cucreMbl. PacTBopbl

b=

o oW

9.

Bonpocel TeMbl

PactBopsi: knaccudukaims, criocoobl BEIPAKEHUS] KOHIICHTPAIIUU.
Omnpenenenre pacTBOPOB, OCHOBHBIC TTPU3HAKH.

Knaccuduxkanus pacTBopoB.

MaccoBas 107151, MOJISIpHAsI, MOJISITbHASL, HOPMajIbHasl KOHIICHTPAIIHSI, MOJIbHASI
TIOJISA, TUTP.

CBoiicTBa pacTBOPOB DJIEKTPOJIUTOB.

DIEKTPOIUTHYECKAS TUCCOITHAITHA.

CuibHBIE M clTa0ble 3JeKTPOUTHI. CTENeHb JUCCOIHAITHH.
KoncranTa quccornuanuu. 3akoH pazdaBienus OcTBaba.

Uto Ha3bIBAETCS TUIAPOITUZOM?

10.06paTuMBbIii THAPOIN3
11.HeoOpatumslii ruiposin3
12.1TlpuBenure mpuUMEpbI COJIEW, KOTOPBIE MOABEPrarOTCs THIPOJIHU3Y, U COJIEH,

KOTOPBIC TUAPOJIN3Y HEC MMOAJICKAT

13.0t kakux (HakTOpoB 3aBUCHUT ruAponu3 coyei? [IpuBenure mpumepsl.

Jlureparypa: [1,2, 3].
MeTtoanyeckue peKOMeHAAuu
Heo0xonumo HaydyuThCsl MPOU3BOJAUTH PACUET KOHIICHTPAIIMU PACTBOPEHHOIO

BCIICCTBA B PaCTBOPC HauoOoee PacipoCTpaHCHHBIMHA CHOCO6aMI/I, a TaKKeC
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OCYULIECTBJISTh NEPEXO] OT OJHOrO CIOCO0a BBIPAXKEHUSI KOHLEHTPAUUU K JIPYromy.
BaxxHo ycBOUTB, UTO TaKO€ CTEMEHb JUCCOLHUAIMH, OT KaKUX (PAKTOPOB OHA 3aBUCHT,
O0COOCHHOCTH IMCCOLMAILINY CHIIBHBIX U CIA0bIX AJEKTPOINTOB. Pa3ouparbcs u yMeTh
[MCaTh MOHHBIC M MOJEKYJSIPHBIE YPAaBHEHMsI PEaKIMil CTyNEHYaTOro M IIOJIHOTO
TUAPOJIA3A.

Bomnpocs! 1151 cCaMOKOHTPOJIS

JlaTh onpeneneHne 3eKTPOIUTUUECKOMN rucconranuei?

YTo Takoe CTEneHp NIEKTPOIUTUIECKON TUCCOanuun’?

Kakue 31eKTpoauThl Ha3pIBatOT CUIIBHBIMU U ci1a0biMu? [IpuBecTH mpuMepsl.
JlaiiTe onpezesieHne OCHOBAHUAM, KHCIIOTaM U COJISIM C TOYKH 3PEHUS TEOPUU
ANEKTPOTUTUIECKON TUCCOLUALINT

UTto Ha3bIBAETCS TUAPOIUZOM?

[IpuBenuTe mpuUMeEphl COJEM, KOTOPbIE MOJABEPrarOTCs THIPOJIM3Y, U COJIEH,
KOTOPBIE THIPOJIU3Y HE NOJIEXKAT.

Ot xakux (GaxkTOpoB 3aBUCUT THIPOJIN3 coleil? [IpuBeante npumMepsl.

Kak BnusieT Ha TUAPOIN3 COMM TEMIIEPATYpa U KOHLIEHTPALMUS pacTBopa?

NSk =

o o0

Tema 1.5. KommiekcHbie coefMHEHUSA
Bonpocel TeMbl
1. CocraB, CTpyKTypa U HOMEHKJIATypa KOMIUIEKCHBIX COEAUHECHUM.
2. Krnaccugukanus KOMIJIEKCHBIX COEUHEHUM.
Jlureparypa: [1,2,4].
MeTtoauyeckue peKOMEHAAlMU
IIpr ycBoeHHsT d3TOM TEMBI HEOOXOIUMO YSICHHUTb, CMBUI TIOHATHUI
«KOMJIEKCOOOPa30BaTeliby, «KOOPJAMHAIMOHHOE YMCIIO», «JIUTaHIbD); HAYYUTbCS
OTpENeNATh 3aps] IEHTPAJbHOIO HOHA, BHYTPEHHEW cQephl KOMIUIEKCHOTO
COEIMHEHNS, a TAKKE YMETh OTJIMYATh KOMILJIEKCHBIE COJIM OT ABOMHBIX COJIEH.

Bomnpocs! 1151 caMOKOHTPOJIsE

1. Yrto Ha3bIBaeTCsI JOHOPHO-AKLIENTOPHON MU KOOPJAUHAIIMOHHOW CBA3bIO?

2. Kakoil arom wunm uOH sBisieTca JOoHOpoM B coenuHeHusx: K[BF,],
[ZH(NH3)4]C12?

3. Yro Ha3pIBaeTCSI KOHCTAHTOM HECTOMKOCTH KOMIIJIEKCHOTO HOHA?

Tema 1. 6. OKuCJIUTEIBHO-BOCCTAHOBUTEIbHbIC PEAKLIMH.
Bonpock! TeMbl
1. OnpeneneHue CTENEHU OKUCIEHUS.
2. DakTophl, ONPEACISIOIMINE OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIE CBOMICTBA
3JIEMEHTOB U UX COCJIMHECHUM.
3. Kiaccudukaiusi OKMCIUTETbHO-BOCCTAHOBUTENIBHBIX PEAKIIHIA.
4. CocTaBieHUE OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIU.
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5. OmnpeneneHre HANpaBJICHUS NPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX

MPOLIECCOB.

Jlureparypa: [1,2].

MeTtoanyeckue peKOMeHAAUN

Nzyyas OKHCJIMTEIbHO-BOCCTAHOBUTEILHBIEC peaKUnH, HEOOXOIUMO
pazoOpaTbCsi B MOHATUSAX «CTENEHb OKUCICHHS DJJIEMEHTa B COCAUHEHUN,
«OKHCJICHHE U BOCCTaHOBJIEHNE». HE00X0IMMO TTOHATh, KaKhe BEIIECTBA MOTYT OBITH
OKHCIIUTEISIMU, a KaKH€ BOCCTAHOBHUTEIIMHM M Kakhe 00JaIar0T OKHCIUTEIBHO-
BOCCTAaHOBHUTEILHOM JIBOMCTBEHHOCThIO. HeoOxoaumo yCBOMTH JBa MeTojAa
COCTaBJICHUS ypaBHEHUM OKHCJIUTEIILHO-BOCCTAHOBUTEIbHBIX PEaAKIIMIA:
AIIEKTPOHHOTO U AJIEKTPOHHO-MOHHOTO OaiaHca.

Hayuntbhca paznuuare TUIBI OKHUCIMTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINM,
COCTAaBIISITh YpaBHEHUS, OIPEICIIATh HAIpaBJICHUE OKHCJIUTEIBHO-
BOCCTAHOBHUTEIBHBIX PEAKIIMK, TOJIB3YSACh TAOJMYHBIMA 3HAUYCHHUSAMHU DJICKTPOJIHBIX
MOTEHIMAIIOB YJICKTPOXUMHUUYECKUX CUCTEM.

Bomnpocs! 1J1s1 cCaMOKOHTPOJISE

1. Kakue peakuuu Ha3bIBalOT OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIMU ?
2. Kakoii mporiecc Ha3pIBalOT OKHUCICHUEM, KAKOM — BOCCTaHOBJICHUEM?
3. Kak MeHsieTCsl CTENeHb OKUCICHUSI BOCCTAHOBUTEIISI U OKUCIIMTENS B MPOIIECCE

MPOTEKAHUS OKHCIUTEIbHO-BOCCTAHOBUTEIBHON peakiuu?

Tema 1.7. DjieKTpOXMMHYECKHE PO ECCHI
Bonpocel TeMbl
1. DnextponBmxkymas cuia. JIBOMHON 3IEKTPUUECKUH CIIOM
2. ®akTophl, BIMUSIONIME HA U3MEHECHUE DJICKTPOJHOIO IMOTEHIMAA. Y PaBHEHUE
HepHcra.
3. XuMHUYECKHE U KOHLEHTPALIMOHHBIE TAJIbBAHUYECKUE AJIEMEHTHI: KaTOAHBIN 1
aHoAHbIN npoueccsl, pacueT I/C.
4. Koppo3us: onpeneneHue, KiaccuuKausi KOPPO3UOHHBIX —pa3pyLICHUM,
KOPPO3HUOHHBIE CPEIBI.
DIIEKTPOXUMHYECKAsE KOPPO3HSL.
Koppo3ust B eCTeCTBEHHBIX YCIOBUSAX.
MeTo/b! 3alUTHl METAJJIOB U CIJIABOB OT KOPPO3UU
DIIEKTPOJIN3 BOAHBIX PACTBOPOB U PACILUIABOB AJEKTPOIUTOB.
. Onpenenenue, TUIBI, CYITHOCTh; KATOIHBIA U aHOHBIN MTPOIIECCHI.
0 KonnuecTBeHHOE onMcaHue mpolnecca 3aeKTpoau3a: 3akoHbsl dapases.
Jlureparypa: [1,2, 3,4, 5, 6].
MeToauveckue peKOMEHIAlNU
[Ipu u3yyeHun JaHHON TEMBI HEOOXOJAMMO BCIIOMHUTH OMPEACIICHUS OHSATUI
OKHCIIUTENIb U BOCCTAHOBUTEND, @ TAKXKE MPOLECCOB OKUCIEHUS U BOCCTAHOBIICHMUS.
UeTko ySICHUTH HalpaBJIE€HUE MPOTEKAHUs Mpoliecca B TAIbBAHUUYECKOM 3JIEMEHTE U

S0 ® oW
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npousBoauTh pacuer DJIC. Hayuutbes ucnosib3oBaTh ypaBHeHWEe HepHcTta miis
pelIeHUs MPAKTUYECKUX 3a/1a4.

Heobxoaumo HAYYUTHCS pas3nuyath cily4dau XUMHUYECKOMN u
ANEKTPOXUMUYECKON KOPPO3UU; HAYUUTHCS OMHUCHIBATH IPOLIECCHI, MPOTEKAIOLINE
IIPU DJIEKTPOXUMHUYECKOW KOPPO3UM HAa KATOJHOM M aHOJHOM 30HaX. 3HATh U YMETh
ONPENEATh 1€€CO00PA3HOCTh MHPUMEHEHHS] MMEIOIMIMXCS METOAOB 3aIllUTHl OT
KOPPO3UOHHBIX Pa3pylIEHUN B PA3IMUHBIX YCIOBUAX HKCIUTyaTAllMM METAJUIMYECKUX
KOHCTPYKIHH.

[Ipu paccMOTpeHUM TeMbl HEOOXOJMMO HAyYUTHCS OMUCHIBATH MPOIECCHl HA
KAaTOJIe M aHOJE IMpPHU DIIEKTPOJIU3E PACTBOPOB BJIEKTPOIUTOB. YSICHUTH Pa3HUILY
MEXAY NPOLECCOM JJIEKTPOJIM3 pacTBOpa M paciuiaBa JJIEKTPOJIMTA. Y METh
MIPUMEHSTH MPABWIO KaTOAa W MPABWIO aHOJA. 3HATh MAaTeMaTUYECKOE BHIPAKECHHE
3akoHOB Dapajes U yMeTh IPUMEHSTH UX IS pacuyeTa MPOAYyKTOB 3JIEKTPOIU3a
Bonpocsl AJ11 CAMOKOHTPOJIs
UTo Tako€ raJIbBAHUYECKUN ITIEMEHT?

Kakoi1 anektpos ABisieTcsl B ralbBAHUYECKOM 3JIEMEHTE AaHOIOM?

Kaxkol anexkTpon SBISE€TCS B TalbBAHUYECKOM AJIEMEHTE KaTOI0OM?

Kaxk paccuntsiBaercs 3/]C raibBaHUUECKOTO 3J1€MEHTa?

Kakue mporiecchl mMpoTekaroT Ha 3JEKTpoaax Npu paboTe raabBaHUYECKOIrO

dNeMEHTa?

Uto Takoe KOPPO3UsI METAILIOB?

Kakue meTonpl 3alIMThl METAJLUIOB OT KOPPO3UU U3BECTHBI?

Uto Takoe JIeKTPOIu3?

9. Kakwue nporeccbl UMEIOT MECTO TIPU JIEKTPOJIn3e?

10.Kakoi1 3apsi1 UMEIOT IIPU AJIEKTPOJIU3E: a) aHo/, 0) kaTon?

I11.Kakoi  3aKOH  YCTaHABIMBAET  3aBUCUMOCTh  MAacChl  BEIIECTBA,
00pa3oBaBIIETOCS TMPHU DJEKTPOJIM3E, OT BPEMEHHU, CHJIBI TOKAa M MPHUPOIBI
3AeKTpoauTa’?

M

S

Tema 1.8. O0mue cBoMiCTBa METAJLIIOB
Bonpocs! TeMbl
1. ®u3nyeckue CBOMCTBA METAJUIOB. XHWMHYSCKHE CBOMCTBA METAJNIOB, HMX
BOCCTAHOBHUTEIIbHAS CIIOCOOHOCTD.
2. BzauMopeicTBHE pa3IUYHBIX METAVIOB C KHUCJIOPOJOM, BOJIOM, KUCIOTaMH,
1IeJI0YaMH.
3. IlpumeHenue meTamwioB. M3BiieueHre METaNIOB U3 PY/I.
Jlureparypa: [1,2,3].
MeToauveckue peKOMEHIAlNU
I[Ipy w3ydyeHuHM [OaHHOM TEMBI CIIEAYEeT HayWHATh C PaCCMOTPEHUS
AJIEKTPOHHOTO CTpOeHMs aroMoB. OOpaTuTe BHUMaHHE Ha CBOMCTBA METAJLJIOB,
00J1aIafoIMX METAUIMICCKUMH, HEMETANIMYCCKUMHA U aM(GOTEPHBIMU CBOMCTBAMH,
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Ha UX CpaBHUTEJIbHbIC XapaKTepUCTHKW B TMpeaerax IMepuoja U TPYIIIIbL.
[TocmoTpuTe, KakOW THUI XHUMHYECKOW CBS3UM OOYCIABIMBAET CYIIECTBOBAHHE
YCTOWYHMBOM KPHUCTAUIMYECKON CTPYKTyphl MeTaisioB. HeoOxoaumo pazobpaThes,
KaK HW3MEHAETCS BOCCTAHOBUTENbHAS AKTUBHOCTh METAJUIOB M OKHUCIUTEIbHAS
AKTUBHOCTh HOHOB METAJUIOB B DJIEKTPOXMMHYECKOM Py HAIpPSIKEHUS CleBa
HaIpaBo. YSCHUTE, KaKU€ METauIbl MOTYT BBITECHSATH BOJOPOJ M3 BOJbI, BOJIHBIX
PacTBOPOB KUCIIOT.
Bonpocsl 1j11 CaMOKOHTPOJISA
1. DneMeHTBI KaKuX 3JEKTPOHHBIX CEMENCTB OTHOCATCS K METaJIam?
2. Tlouemy BO BCEX XUMHYECKUX PEAKIUAX IMPOCTHIE BEIIECTBA — METaJUIbI
ABJISIFOTCS BOCCTAHOBUTEISIMU ?
3. Hanumwure ypaBHEHHS peakUuid B3aMMOICHUCTBHUS IIUHKA U MEIU C COJISTHOM,
CEPHOM M a30THOM KHUCIOTAMHU

Tema 1.9. XuMusi HeMeTaJI0B. DJIeMEHTbI OPraHUYeCKON XUMHHU

Bonpocsl TeMbl

OO6m1as xapakTepucTuka 6opa u yriaepoja

CrpoeHue aTOMOB, 3aKOHOMEPHOCTH U3MEHEHHUSI CBOWCTB.

Meroasl noJIy4eHUs

XUMHUYECKHE CBOMCTBA: O0pa, yrieposa,

OcHOBHBIE (PU3HYECKHE U XUMUYECKUE XapAKTEPUCTUKHU YTIEBOAOPOIOB
[IpupoaHBIE HCTOYHUKHU YTIEBOAOPOIOB

Jlureparypa: [1, 3].

MeTtoauyeckue peKOMEHAalMU

N3ydyeHne CBOWCTB DJJIEMEHTOB KaXJOW TPYyIIBl CIEAYET HA4YMHATh C
PACCMOTPEHHUSI DJIEKTPOHHOTO CTpOeHUs aTtoMoB. I[locMoTputre, Kak H3MEHSIOTCS
CBOMCTBAa D3JIEMEHTOB C W3MEHEHHEM pPAJAUYCOB aTOMOB, KaK W3MEHSIOTCA
MOHU3ALMOHHBIE TOTEHUMAAbl M  3JEKTPOOTPULATENBHOCTh C  YBEJINYEHUEM
MOPSIIKOBOTO HOMEpa dJEMEHTa. YSCHUTh KakHhe YIJIEBOJOPOIbI  SIBISIOTCS
MpeaesIbHBIMU.

A

Bomnpocs! 1J1s1 cCaMOKOHTPOJISE
1. Uto xapakTepHO i1 aTrOMOB THUIWYHBIX HEMETALNIOB — OTAa4a WU
MIPUCOEAUHEHUE IIIEKTPOHOB?
['ne B mepuoanyueckoi cucTeMe pacrtoioKEeHbl AIIEMEHThl — HEMETaJLJIbI?
Onpenenuthb CTENEHb OKUCIEHUS yriepoja B IIaBeiaeBoi kuciaore?
Kax Ha3pIBaroOTCS COT OOPHOUM KUCTOTHI?
Ha3oBute Tumnsl yrieBogopo1oB?

ARl

Tema 1.10. Xumuuyeckue MeTOAbI AaHAJIN3A
Bonpockl TeMbl
1. Kakumu kaTnoHamu 00yCIIOBIIEHA )KECTKOCTh BOJIBI.
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2.

Meronapl omnpeseneHusi, MPUINHBI BOZHUKHOBEHUS W CIOCOOBI yCTPAaHCHUS
’)KECTKOCTHU BOJIBI.

Jlureparypa: [1,2].

MeTtoanyeckue peKOMeHAAUN

[Ipy wu3ydyeHMM [OaHHOM TEMBI HEOOXOJMMO pa3o0paTbcs, KaKue COJIU

XapaKkTepU3yIoT 00IIy10, BpEMEHHYIO U MOCTOSHHYIO dKECTKOCTh Bo/bl. HeoOxoamumo
YMETh IUCaTh YpPaBHEHUS pPEaKUWid, C NOMOIIBI KOTOPBIX MOXHO YCTPAHHTH
BPEMEHHYIO U TIOCTOSTHHYIO KECTKOCTb.

1.
2.

Bonpocsl 1j11 CaMOKOHTPOJISA
Kaxue criocoObl ycTpaHeHUs )KECTKOCTH BOJIbI BAM U3BECTHBI?
Kakast ;kecTKOCTh yCTpaHsAeTCsl KUMsTYeHuEM?

2. METOIMYECKHUE YKA3AHWS 11O BBINTOJTHEHUIO KOHTPOJILHOM

PABOTbBI

2.1. OPOPMJIEHUE U BBIEOP BAPUAHTA KOHTPOJIbHOM PABOTHI

1.

PaboTa BBIIOIHSETCS B IIKOJHHOM TCTpaau, Ha 00J105KKE KOTOpOﬁ CICOYyCT
YKa3aTb, HA3BAHUC AUCHHUILIIMHBI, (I)aMI/IJII/IIO, UM, OTYCCTBO CTYIACHTA, KOJ
CIICHNAJIbHOCTH, BAPpHUAHT

. Kontponbnass pabora pomkHa ObITh 0(GOpMIIEHA aKKypaTHO, YETKUM

MOYEpPKOM, O€3 TOMapPOK.

. HOMCpa BOIIPOCOB M 3aa4 CJIICAYCT IICPCIIMCBIBATL B TOM IIOPAIAKC, B KAKOM

OHH YKa3aHbl B KOHTPOJIHLHOM padoTe.

. YciaoBus 3amay u BOIIPOCHI 3allMCBIBAIOTCA ITOJTHOCTBIO oe3 COKpaHlCHHﬁ.

OTBeThl  JOMKHBI  OBITh TOYHBIMH M 1O  BO3MOXHOCTH  KPaTKO
c(hopMyTUPOBAHHBIMH.

. BeimonnHsiembie 3agaHus JOHKHBI OBITh KPATKO, HO YETKO 0OOCHOBAHBI.
. Ecam xonTponpHas pabora He 3auTeHa, He0OX0UMO UCIIPABUThH OIIHMOKHU B TOM

ke TeTpanu. VMcrpaBiaeHuUs cieayeT BBITIOJNHATH B KOHIIE TETpaad, a HE B
PEICH3UPOBAaHHOM TEKCTe, MOCie 4ero paboTa HampaBisieTcs Ha TMOBTOPHOE
pELieH3UpOBaHUE.

CTyAeHT BBINONHSAET BapUaHT KOHTPOJIbHBIX 3amaHuil (Tabmuma No 2),

0003HAYEHHBIN NBYMsI MOCIAEAHUMH MHdpamMu mudpa B 3a4eTHOM KHIDKKE WA
CTyJeHYeckoM Owiere, Hanpumep, mupp 1087 cooTBETCTBYEeT BapHaHTY
KOHTPOJIbHOUM paboTsl Ne 87.
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Taoauma 2
BAPUAHTBI KOHTPOJIbBHBIX 3AI[AHI/II71

Homep

Bapu- Homepa 3a1a4, OTHOCAIIMXCSH K JAHHOMY 32/IaHUIO

aHTa

01 1 21 |41 |61 |81 |101 |121 |141 |161 |181 |201 |221
02 2 |22 |42 |62 |82 102 122 (142 |162 | 182 |202 |222
03 3 |23 |43 |63 |83 |103 | 123 | 143 | 163 | 183 |203 |223
04 4 |24 (44 |64 |84 104 | 124 | 144 | 164 | 184 |204 |224
05 5 |25 |45 |65 |85 [105 | 125|145 |165 |185 [205 |225
06 6 |26 |46 |66 [86 |106 | 126 | 146 | 166 |186 |206 |226
07 7127 |47 |67 |87 | 107 | 127 | 147 | 167 | 187 |207 |227
08 8 |28 |48 |68 |88 |108 |128 | 148 | 168 | 188 |208 |228
09 9 129 149 |69 |89 |109 |129 | 149 | 169 |189 |209 |229
10 10 {30 |50 |70 |90 | 110 | 130|150 |170 |190 |210 |230
11 T (31 {51 |71 (91 111 |131 151 |171 |191 |211 |231
12 12 |32 |52 |72 (92 | 112 | 132|152 | 172 |192 |212 |232
13 13 (33 |53 |73 |93 | 113 | 133|153 |[173 |193 |213 |233
14 14 134 |54 |74 |94 | 114 134 | 154 | 174 | 194 |214 |234
15 15 |35 |55 |75 |95 | 115 | 135|155 | 175 | 195 |215 |235
16 16 (36 |56 |76 |96 |116 | 136|156 |176 |196 |216 |236
17 7 (37 |57 |77 |97 | 117 137 | 157 | 177 | 197 |217 |237
18 18 |38 |58 |78 |98 | 118 | 138 | 158 | 178 |[198 |218 |238
19 19 {39 |59 (79 (99 |119 | 139 | 159 | 179 |[199 |219 |239
20 20 (40 |60 |80 |100 | 120 | 140 | 160 | 180 |200 |220 |240
21 1 22 (43 |64 |85 | 106 |127 | 148 | 169 | 190 |211 |222
22 2 |23 |44 |65 |8 |107 | 128 | 149 | 170 | 191 |212 |223
23 3 |24 |45 |66 |87 | 108 | 129 | 150 | 171 |192 |213 |224
24 4 |25 |46 |67 |88 | 109 | 130 | 151 | 172 | 193 |214 |225
25 S |26 |47 |68 |8 | 110 | 131|152 |173 |194 |215 |226
26 6 |27 |48 (69 (90 |I11 |[132|153 |174 |195 |216 |227
27 7 128 |49 |70 |91 | 112 [ 133|154 [175 |196 |217 |228
28 8 (29 |50 |71 |92 |113 | 134|155 |176 |197 |218 |229
29 9 30 |51 |72 |93 |114 [ 135|156 |177 |198 |219 |230
30 10 (31 |52 |73 |94 | 115 | 136|157 | 178 |199 |220 |231
31 11 (32 |43 |74 |95 |116 | 137|158 | 179 |200 |201 |232
32 12 |33 |54 |75 |96 | 117 | 138 | 159 | 180 | 181 |202 |233
33 13 |34 |55 |76 |97 |118 | 139 |160 | 161 |182 |203 |234
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Homep

Bapu- Homepa 3a1a4, OTHOCAIIMXCH K JAHHOMY 32/1aHUIO

aHTa

34 14 |35 |56 |77 |98 | 119 | 140 | 141 | 162 |[183 |204 |235
35 15 |36 |57 |78 |99 |120 |121 | 142 | 163 | 184 |205 |236
36 16 |37 |58 |79 | 100 | 101 |122 | 143 |164 |185 |206 |237
37 17 {38 |59 (80 |81 |102 |123 |144 | 165 |186 |207 |238
38 18 |39 |60 65 |8 | 107 | 128 | 145 | 166 | 187 |208 |239
39 19 140 |44 (66 |87 |108 | 129 | 146 | 167 | 188 |209 |240
40 20 |23 |45 |67 |88 | 109 |130 | 147 | 168 |189 |210 |221
41 2 |24 |46 |68 |89 | 110 |131 148 | 170 | 190 |201 |223
42 3 |25 |47 |69 (90 |111 |132 149 |171 |191 |202 |224
43 4 |26 (48 |70 |91 112 |133 150 |172 |192 |203 |225
44 S |27 |49 |71 |92 |113 | 134 | 151 |173 |193 [204 |226
45 6 |28 |50 |72 |93 |114 | 135|152 |174 |194 |205 |227
46 7 129 |51 (73 |94 | 115 | 136 | 153 | 175 |195 |206 |228
47 8 (30 |52 |74 |95 |116 | 137 | 154 | 176 |196 |207 |229
48 9 |31 |53 |75 (96 |117 | 138 | 155 |177 |197 |208 |230
49 10 |32 |54 (76 |97 |118 | 139 | 156 | 178 |198 |209 |231
50 11 |33 |55 (77 |98 |119 | 140 | 157 | 179 |[199 |210 |232
51 12 {34 |56 |78 |99 |120 |122 | 158 | 180 |200 |211 |233
52 13 |35 |57 |79 | 100 | 103 | 121 | 159 |169 |182 |212 |234
53 14 |36 |58 (80 |85 |104 | 123 |16 161 |[183 |213 |235
54 IS5 |37 |59 |61 |84 | 105 | 124 | 141 | 162 | 184 |214 |236
55 16 |38 |60 (62 |83 |106 | 125|143 | 163 |185 |215 |237
56 17 |33 |41 |63 |82 |101 | 126 | 142 | 164 |186 |216 |238
57 18 140 |42 |61 |81 |102 | 127|144 | 165 |187 |217 |239
58 19 |21 |43 |62 |87 | 103 | 128 | 145 | 166 | 188 |218 |240
59 20 |22 |41 |63 |88 |104 | 129 146 | 167 | 189 |219 |223
60 1 |24 |42 |64 |89 |105 | 130 | 147 | 168 |190 |220 |222
61 3 125 |43 |65 [90 [106 [131 [148 [169 [191 [201 |22]
62 4 126 144 |66 (91 107 |132 149 [ 170 |[192 [202 |222
63 5 127 |45 167 |92 |108 133|150 | 171 |193 |203 |223
64 6 |28 |46 |68 [93 |109 | 134 | 151 |172 |194 [204 |224
65 7 129 |47 |69 |94 | 110 | 135|152 | 173 |195 |205 |225
66 8 |30 |48 |70 |95 |111 |136 |153 |[174 |196 |206 |226
67 9 |31 (49 (71 (96 |112 | 137|154 | 175 |197 |207 |227
68 10 |32 |50 (72 |97 |113 | 138 | 155 | 176 |198 |208 |228
69 11 {33 |51 (73 |98 |114 | 139 | 156 | 177 |[199 |209 |229

15




Homep

Bapn- HOMepa 3agad, OTHOCHIIUXCH K IlaHHOMy 3aJaHUI0

aHTa

70 12 [34 [52[74 [99 [115 [140 [157 [ 178 [200 [210 [230
71 13 [35 [53 75 [ 100 [116 |121 [ 158 | 179 [181 |211 |231
72 14 [36 |54 |76 |86 |[117 [122 159 | 180 |182 |212 |[232
73 15 [37 |55 |77 |85 [118 [123 160 | 162 [183 [213 |233
74 16 |38 |56 |78 [84 |[119 124 [142 | 161 |184 [214 |[234
75 17 [39 [57 [79 |83 [120 [125 | 141 | 163 |185 |215 |235
76 18 [40 |58 [80 |82 [101 |126 | 143 | 164 |186 |216 |236
77 19 [23 [59 [61 |81 [102 127 [144 | 165 [187 [217 |237
78 20 |21 |60 [62 [ 100 | 103 | 128 [ 145 | 166 | 188 |218 |238
79 4 122 [51 063 199 [104 129 [146 | 167 189 [219 |239
80 5 23 |52 |64 [98 | 105 | 130 147 [168 |190 |220 |240
81 6 |24 |53 |65 [97 |106 | 131 [148 [169 |191 |211 |231
82 7 125 [54 66 [96 |107 [132 149 [170 [192 |212 |232
83 8 |26 |55 |67 |95 [108 [ 133150 |[171 | 193 [213 |233
84 9 |27 |56 [68 [94 [109 |[134 [151 | 172 |194 [214 |234
85 10 [28 [57 |69 |93 [110 [135 152 |173 [195 |215 |235
86 11 [29 [58 [70 |92 [111 136 [ 153 | 174 [196 |216 |236
87 12 [30 [59 |71 |91 |112 137 | 154 | 175 [197 |217 |237
88 13 [31 |60 |72 |90 [113 [138 [ 155 | 176 |198 |218 |238
89 14 [32 |41 [73 [89 [114 [139 [ 156 | 177 [199 [219 |239
90 15 [33 [42 |74 |88 |[115 [140 [ 157 | 178 [200 220 |240
91 16 |34 |43 |75 |87 |116 |131 | 158 | 179 |181 |201 |221
92 17 [35 [44 |76 |86 [117 [132 159 | 180 [182 [202 |222
93 18 |36 |45 |77 |85 |118 | 133|160 | 161 |183 |203 |223
94 19 [37 |46 |78 |84 |119 | 134 | 141 | 162 | 184 |204 |224
95 20 |38 [47 [79 |83 |120 |135 142 | 163 |185 [205 |225
96 1 [39 [48 [80 |82 |110 |136 | 143 | 164 |186 |206 |226
97 2 |40 [49 |61 |81 |111 |137 | 144 | 165 |187 [207 |227
98 3 |24 [50 |62 [100 | 112 [138 | 145 | 166 |188 |208 |228
99 4 |25 [51 63 [99 [113 [139 [ 146 | 167 [189 [209 |229
00 5 |26 |52 |64 [98 | 114 | 140 [147 [168 | 190 |210 |230
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OdopmieHne TUTYIBHOTO JINCTa KOHTPOJIBHOU PabOThI:
OEJIEPAJIBHOE ATEHTCTBO I10 PBIBOJIOBCTBY

®EJEPAJIBHOE TOCYIAPCTBEHHOE
BIO/UKETHOE OBPA3OBATEJIBHOE YUYPEX/IEHUE
BBICILIEI'O OBPA3OBAHU S
«KAJIMHUHI PAICKHI TOCYIAPCTBEHHbBIN TEXHUYECKUN
YHUBEPCUTET»

NHCTUTYT arpOMHXEHEPUH U TTUIIEBBIX CUCTEM
Kadenpa xumun

KoHntposnbHas padorta Kontponbhas pabota
JOMYIIIEHA K 3allUTe: 3allUILEeHa
JIOJDKHOCTD (3BaHUE), YU€Hasl CTENEHb JOJKHOCTH (3BaHUE),
y4eHasi CTEIIeHb

®amunua 1.0 @amunua U.O.
« _» 202 . « _» 202 r.

KoHnTtponbHas pabota
MO TUCUUTIITUHE
«XUMUSA»

[udp cryaenta
Bapuant Ne

PaboTy BBITIOJIHNI:
CTYIEHT TP.

damvumus 1.0.
« » 202 1.

Kamuaunrpan - 20
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2.2. METOJJUYECKHE YKA3AHUWSI 11O BHITOJTHEHUIO 3AJIAHUI
KOHTPOJIbHOM PABOTHI U TIPUMEPHI PEIIEHUSI 3ATAY

2.2.1 3akoH 3xBuBaJIeHTOB (3ananus Ne 1 -20)

MounsipHas Macca 5KBUBaJIeHTa BeliecTBa. MOoJSIpHBIIT 00beM HKBHUBAJICHTA
razo00pa3HOro BEIIeCTRA.

Eme no co3manusi aTOMHO-MOJEKYJISIPHOTO YYEHHUS ObLIO yCTaHOBJIEHO, YTO
IPOCTBIE U CIIOKHBIE BEHIECTBA BCTYNAIOT B XUMUYECKHE PEAKLIIMH B ONPEICICHHBIX
MaccoBbIxX cooTHomeHusX. B xonite XVIII Bexa ObUT OTKPHIT 3aKOH YKBUBAJICHTOB.

[Ipexxne yem chopMynHpoBaTh 3aKOH SKBUBAJIECHTOB, JIaJIUM OIPEICICHHE
MOHATUM: XUMHWYECKUM SKBUBAJICHT, 4YHUCIO SKBHUBAJICHTHOCTU (3apsIHOCTH),
MOJISIpHAsE Macca OJKBUBAJICHTA, KOJMYECTBO BEIECTBA JKBUBAJICHTA, OO0BEM
HKBHUBAJICHTA ra3000pa3HOTO BEIIECTBRA.

XHUMUYECKHUI SKBUBAJIECHT — 3TO YCJIOBHAs, WJIM peajibHas 4acTUIA BEIIECTBA
(4JacTh MOJEKyJIbl, MOHAa M T. J.), KOTOpas B KHUCIOTHO-OCHOBHOM peaKIHUH
SKBUBAJICHTHA (PaBHOIIEHHA, TOXXJIECTBEHHA) MO CBOEMY XHWMHUYECKOMY JCHCTBUIO
omHOMY KatHoHy Bojgopoja (1H') wmmm B OKHCIMTENBHO-BOCCTAHOBHUTEIBHON
peakuu OBP - ogHOMYy 351€eKkTpoHY (1€).

MousipHas Macca KBUBAJICHTa BEIIECTBA (9KBUBAJIEHTHAS Macca) — 3TO Macca
BEIIIECTBA KOJIMYECTBOM | MOJIb SKBUBAJICHTOB, paBHAs JICJICHUIO MOJISIPHOM MaccChl
BEIIECTBA HA YHCJIO SKBUBAJEHTHOCTH (PKBUBAJICHTHOE YHCIIO):

M»g(B-Ba) = M(B-Ba)/ z [r/MoJIb]| WK

m5(B-Ba) = M(B-Ba) / z [r/mMoIIB],

rae Msgg(B-Ba) — MoJIIpHasi Macca SKBUBAJICHTa BEIECTBA, I/MOJIb WU

m5(B-Ba) — MOJISIpHAs Macca SKBUBAJIEHTA BELIECTBA, I/MOJIb;

M(B-Ba) — MoJIsipHasi Macca BEIeCcTBa, I/MOJIb;

Z — YHCJIO SKBUBAICHTHOCTH (3KBUBAJIEHTHOE YHCIIO).

Uucno 3KBUBAJIEHTHOCTH (PKBUBAJICHTHOE YKCJIO) Z — MEPEMEHHasl BEJIMYMHA,
3aBHUCSIIAS OT COCTaBa BEIIECTBA WM OT KOHKPETHOM pPeaklu, B KOTOPOil y4acTBYeT
JAHHOE BEILIECTBO.

Onpenenenue yuciaa YKBUBAJIECHTHOCTH

Z (atomMa dJeMEHTa B COCJUHEHHHM) = CTCIEHU OKHUCICHMS JJIEMEHTa B
BelecTne (C.0.).
Hanpumep: Uemy paBHSIETCS YUCIO SKBUBAJICHTHOCTH CEPbI B CIEAYIOIINX

COCIUHCHMSX:
1. H,S; 2. SO,; 3. SO;.
Z = C.0. — CTENEHb OKUCIICHHS DJIEMEHTAa B XMUMHYECKOM COCIUHCHHUHU. 1)
c.0.(8)=-2;Z=2;2)c.0.(S)=+4,Z=4;3)c.0.(S)=+6;Z=6.
Z (KHCIIOThI) = OCHOBHOCTHM KHCIJIOTHI B JaHHOW peakuuu, T. €. YHUCIY

3aMEIEHHBIX KaTHOHOB Bojopoaa (nH') Ha apyrue KaTHOHBL.
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Z (KMCIIO¥ CONM) = YMCITy 3aMelleHHBIX KaTHOHOB Bogopoaa (nHY).

Z (OCHOBaHMS) = KHUCJIOTHOCTU OCHOBAHHUS B JAHHON peakiuu, T. €. YUCIY
ruapokcu-uoHoB (nOH ), 3aMeleHHBIX HA KUCIOTHBIE OCTATKH.

Z (OCHOBHOHM conu) = uucay ruapokcua-uoHoB (n OH™), 3amenieHHBIX Ha
KHUCIIOTHBIE OCTATKHU.

Z (HOpMaJIbHOM (CpedHel) COJiM) = CyMMapHOMY IMOJOXKHUTEIbHOMY 3apsiiay
KaTHOHA.

Z (BemiecTBa, yyactBytomero B OBP) = yuciy npuHSTBIX 3JIEKTPOHOB OJHUM
MOJIEM OKHMCIIUTENS WA OTAAHHBIX OJJHUM MOJIEM BOCCTAHOBUTETS (Nne).

KonuyecTBo BeliecTBa 3KBHUBAJIEHTA Nokp(B-Ba) — KOJUYECTBO BEIIECTBA, B
KOTOPOM YaCTHIIAMH SIBIISTIOTCS SKBUBAJICHTHI. BhIpaskaeTcs B MOJISX, KaK M JH000€
KOJIMYECTBO BEIIECTBA.

N5kp.(B-Ba) = m(B-Ba) / Mygg (B-Ba) [MOJB] win

n>kp(B-Ba) = m(B-Ba) / my (B-Ba) [MOJIB].

MonsipHbiii 00bEM 3KBHUBAJIECHTOB Ta3000pa3HOTO BENIECTBA (SKBHUBAJICHTHBIM
00beM) Vg — 00bEM OJTHOT'O MOJIb-DKBHBAJICHTA rasa.

Vskg=Vm(raza)/ z [n/mons], rae Vy(raza) — mosisipHblil 00beM Ta3a, J (H.Y.).

3aK0H KBHUBAJIEHTOB — Macchl (00BEMBI) pearupyromux BEIIECTB OTHOCSATCA
MEXIy cOO00M KaKk UX MOJISIPHBbIE MAacChl SKBUBAJECHTOB (KaK UX MOJSPHBIE OOBEMBI
SKBUBAJICHTOB).  3alMChIBa€M  BBIPAXEHHUE  3aKOHA  SKBHUBAJIEHTOB  JUIsS
JIBYXKOMIIOHCHTHON CHUCTEMBI:

m; / my = Mokg .1/ Moka2;

V1 /Vy=Vokg1/ Voksa.

Ipumep 1.

[Ipn B3anMOIeHCTBUM § T IBYXBAJIEHTHOTO METala C KUCIOTON BBIACIHIIOCH
4,48 n Bogopoaa (H.y.). BbIUMCIHTH MOJSPHYIO MacCy SKBUBAJE€HTAa M aTOMHYIO
Maccy MeTaa.

Pemenne:

1. 3annceiBaeM cxeMy B3aMMOJAECHCTBHS METajula C KACIOTOM:

Me + 2HAn — MeAn, + H,.

2. Bprumcnsiem MOJISIPHYIO MAacCy 3KBUBAJIEHTa Bojopojaa. M3 cxemsl peakunu

BUJIHO, uTO 1 Mok Bojopoaa (H,) otnaer aBa anekTpoHa.

H,- 28 — 2H", orctona Vokg(H,) = Vi / Z. [1/Momb],

Z =ng, T. €. YUCIIy DJICKTPOHOB, OTJIAaHHBIX | MOJIb BOJIOPO/IA.

CnenosarenbHo, Z = 2, Vogp(H,) =22,4/2 = 11,2 n/moinb.

3. 3anucbiBaeM BbIPaKEHUE 3aKOHA SKBUBAJICHTOB:

m (Me) / Maip(Me) = V(Hy) / Voxp(Hy).

[ToncraBisiem uncioBbie 3HaueHus: 8/Myrp(Me) = 4,48/11,2, MmonsapHas Macca
SKBUBAJICHTa MeTajuia paBHseTcs Mogg(Me) = 8 x 11,2 / 4,48 = 20 r/monb. U3
YCJIOBUSL 3aJlaHUS M3BECTHO, YTO BAJICHTHOCTh MeETajyla paBHSAETCS JBYM.
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BanentHocte Mertamna ompenensiercs no ¢opmyne: B = M(Me) / My (Me),
cnenoBarenbHO MomsipHas macca metaia M(Me) = 20 x 2 =40 r/moub.

Anammsupys Ilepmogmueckyro cucremy onementoB JI. . Menneneesa,
HaXOJUM BO BTOpPOM TpYIIIE 3JEMEHT C MOJSApHOW Maccod 40. DTOT 3IEMEHT —
kaneuui (Ca).

Ipumep 2.

HexoTopoe komnuecTBO MeTaiuia, SKBUBAJIEHTHAs Macca KOToporo pasHa 20
I/MOJb, BBITECHAET M3 KHUCIOTHl 0,6 11 BOJOpOJA, M3MEPEHHOTO IPU HOPMAaJIbHBIX
ycioBuax. OnpenenuTs Maccy MeTala.

Pemienne

Tax xaxk umcno skBuBanmeHTHoctH z(H,;) = 2, a MomsapHblii o0BeM mpu
HOpMasbHbIX ycnoBusx Vy(H;) = 22,4 1, To SKBUBaJICHTHBIM 00BEM BOJIOPO/Ia

V5(Hy) = Vu(Hy) /z, Vs(Hy) 22,4/2=11,2 n.

[IpuMeHnsist BbIpak€HHE 3aKOHA 3KBUBAJIEHTOB, BEIYMCIISIEM MACCY METAILIA!
m(Me)/my(Me)= V(H,) / Va(H,) numm m(Me)/20=0,6/11,2;
m(Me)=20-0,6/11,2=1,07r.

[Ipumep 3. BbIUMCIUTH MOJIIPHBIE MAacChl 3KBHUBAJEHTa (IKBUBAJICHTHBIC
Mmacchl) Al(OH); B peakuusix, BEIpakaeMbIX YpaBHEHUSIMHU:

Al (OH); + HCI = Al (OH),C1 +H,0; (1)

Al (OH); + 3HCI = AICl; + 3H,0. (2)

Pemenne: DOkBHUBajeHTHass Macca CJIOKHOTO BEIIECTBA, TaK K€ Kak
SKBUBAJICHTHAsI Macca 3JIEMEHTa, — MEPEMEHHAs BEIMYMHA, MOKET UMETh Pa3JINYHbIC
3HAYEHUs U 3aBUCUT OT TOTO, B KAKOH peakliui 0OMeHa y4yacTBYET 3TO BELIECTBO.

Al (OH); + HCI = Al (OH),C1 +H,0; z=1; (1)

Al (OH); + 3HCI1 = AICI; + 3H,0. z=3. (2)

DOKBUBaJICHTHAs Macca OCHOBaHHUS paBHA ero MoJisipHoM macce (M), neneHHon
Ha YHCIIO SKBUBAJICHTHOCTH (Z), KOTOPOE PAaBHO YHCIY THUIPOKCUIBHBIX TPYMI,
3aMEIICHHBIX Ha KHUCIOTHBIE OcTaTku (aHuoHbI). CrenoBareibHO, SKBHUBAJICHTHAS
Macca ocHoBaHusA ms(Al(OH);) B peakuuu (1) paBHa ero mossspHOil Macce M(Al
(OH)3)/ 1, a B peakuuu (2) my(Al(OH); = M(AI(OH);) /3 [r/monb].

IIpumep 4.

st pactBopenust 16,8 T nByxBajJeHTHOro meTayia morpeboBanochk 14,7 T
CEepHOM KUCHOTHI. ONpeAenuTh SKBUBAJICHTHYIO U aTOMHYIO Maccy MeTaia i 00beM
BBIJICTTUBIIIETOCS] BOJI0poa (H.Y.)

Pemenue:

MBI MO)KEM ONpPENEINTh 3KBUBAIEHTHYIO MacCy METAJlIa, BOCIIOIb30BABILNCH
3aKOHOM 3KBHBAJIEHTOB. 3alMILIEM €r0 MaTEMAaTUYECKOE BBIPAKEHUE IPUMEHUTEIBHO

K JaHHOM 3ajauye:
m(Me) . m(H,50,)

m. (Me) N m.(H,50,7
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rae m(Me) u m(H,SO,4) — macchl MeTaiia U KUCIIOTHI, T; m,(Me) u m,(H,SOy)
— DKBHUBAJICHTHBIE MACChl METAJIJIA U KUCJIOTEL, I/MOJIb.

DKBHUBaJCHTHAs Macca KUCJIOThI OIIPCACIIACTCA CIICAYIOINUM OTHOIICHUCM:

M (KHCIOTEL)
m, (KMCI0TBI) = ———,
F4

riae M (KUCIOTBI) — MOJIIpHas Macca KHCIIOTBI, I/MOib;, Z — OCHOBHOCTB
KHCIIOTBI — YKCJIO 3aMEIIEHHBIX KaTHOHOB Bofopoaa (nH ).

[IpuMeHUTEIHPHO K JAaHHOM 3ajJa4e 3alHuIlIeM CXeMy IIpoliecca B3auMOACHCTBHS
MeTajiia ¢ cepHoi kucioroit: Me + H,SO, — MeSO, + H,, Mmetain 3amemaer oba
aToMa BOJIOPOJIa, M OCHOBHOCTH KHCIIOTHI paBHseTcs JaByM. OTCOJa YHCIIO

YKBUBAJIEHTHOCTH Z = 2.

M(H,S0 98
% == 49(r/monn)

HOI[CT&BJ'I?IH SHAYCHUS B MATCMATUUCCKOC BBIPAKCHUC 3aKOHA 3KBHBAJICHTOB,
ImoJIydyacM 3HA4YCHHUC SKBHUBAJICHTHOM MacChl MeTaJljia:

m,(H,S0,) =

16,8 14,7 16,849
= orcrona m.(Me) = = h6é(r/Mons).
m,(Me) 49’ nam,(Me) 14,7 (r/ )
YToOBI ONpeaeTuTh aTOMHYIO MacCy MeTajlIa, BOCIOIb3YyeMCS (pOPMYJIOH:
Ap(Me)
m.(Me) =
-(Me) 5(Me)

rae A(Me) n B(Me) — 3T0 COOTBETCTBEHHO OTHOCHUTEJIbHAS aTOMHAs macca u
BAJICHTHOCTh METaJjlia.

Orcroga A,.(Me) =m,(Me) * B(Me) =56+ 2 = 112a.em.

[Tonp3ysiCh 3aKOHOM SKBHUBAJICHTOB, ONpEaeseM OOBEM BBIICITUBIICTOCS
BOJIOpPOJIA:

miMe) . V{sz

my(Me) v (H,)

rae V(H,) — o6bem Bogopoaa, I,

V,(H>) — 5KBUBaJICHTHBIM 00BEM BOJIOPOJIA, J1/MOJIb.

OKBUBAJICHTHBIN 00BEM BOJOPOJA NMPU HOPMAJIBHBIX YCIOBHSX paBeH 11,2
JI/MOJIb

V(sz =

m(Me) = V,(H,) 16,8+ 11,2
m,(Me) B 56

= 3,36(1).

2.2.2 Ctpoenne atoma (3aganus 21- 40)

IIpu pemieHnH BONPOCOB, CBSI3aHHBIX C JJIEKTPOHHOM CTPYKTYpOHW aTOMOB,
CJIeIyeT UCXOJUTh U3 TOTO, YTO JI000E YCTOMYMBOE COCTOSIHHE DJIEKTPOHA B aTOME
XapaKTEPHU3yeTCsl ONPEAECICHHBIMA 3HAYEHUSIMA KBAaHTOBBIX YHWCEN: TJIABHOrO (n),
op6utanpHOro (1), MaruutHOTO (M) ¥ CIUHOBOTO (S). COCTOSTHUE AIEKTPOHA B aTOME,
OTBEYAIONIee ONPEEICHHbIM 3HAYEHUSM KBAHTOBBIX 4HMCEN h, |, m, Ha3bIBaeTcs
atomHoi opOutanpio (AO). YcroitunBoMmy (HEBO30YKIEHHOMY) COCTOSHUIO aTroMa
OTBEYAET TAaKOE pacrnpeneneHue 3JIeKTpoHOB 1Mo AQO, mpu KOTOPOM 3HEpPrus aroMa
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MUHUMAaJbHA, TOATOMY AaTOMHbIE OpOHWTaNM  3amOJHSIOTCS  AJIEKTPOHAMH
MOCJIE0BATEIHLHO BO3PACTAHUIO UX SHEPTUN (MPUHIUIT HAMMEHbIIEH SHEPTUN).

[Ipumep 1. HamucaTh 570€KTpOHHYIO KOHQUTYpAIMIO aToMa 3JIEMEHTa C
MOPSAJIKOBBIM HOMEPOM 15 B OCHOBHOM M BO30YXJIEHHOM COCTOSIHUSIX. Mcmomnb3ys
ANEKTPOHHYIO KOH(UIYpalMi0 BHEIIHET0 U MPEABHEUIHEr0 HSHEPreTHUYECKUX
YpOBHEH, ONpEAeIUTh MECTOMOJOXKEHHE JIIEMEHTAa B TMEPUOJUYECKON CHCTEMe
(rpymma, MOArpyIma, Mepuoj), ykazaTh €ro Ha3BaHue W cuMBOJ. Ompenenutb, K
KakoMy CEMEWCTBY MNPUHAIJICKUT JJIEMEHT. YKa3aTh 3HAYEHUs BaJIEHTHOCTEH W
CTENIEHEH OKUCIICHUS 3JIEMEHTOB B OCHOBHOM M BO30YKJIEHHOM COCTOSTHUSIX.

Pemenue: 1. [lopsakoBeiii HOMEp AyeMeHTa — 15 — yka3bIBaeT Ha KOJMYECTBO
MPOTOHOB B ApE aToMa 3JEMEHTa M, COOTBETCTBEHHO, AJIEKTPOHOB. Pacmpenensem
15 S7EKTPOHOB MO SHEPreTUYECKHUM YPOBHSIM U MOAYPOBHAM aTroMa, HCIOJIb3Ys
MPUHIMIT MUHUMAJIbHOW H»HEpruM M JBa mpaBuia KieukoBCKOTO. DIEKTPOHHYIO
KOH(QUTYypalMio aroMa H300pakaroT € TOMOILBIO 3JIEKTPOHHOHM U 3JIEKTPOHHO-
rpadguueckoil GopMyi1 (AIEKTPOHHO-TPAYUUECKUX CXEM).

OnekTponHas opmyia atoma OyJeT ciaeayrone:

5P 15 257 2p° 357 3p° coxpawenno [Ne]3s°3p’.

1. CocrtaBisieM 3JIEKTPOHHO-TPapUUECKyl0 CXEMY paclpeiesieHusl 3JIEKTPOHOB
[0 SHEPreTMYECKUM YpPOBHSAM M MOAYPOBHSIM aroma 3JEMEHTa, JJI 4Yero
npuMeHsieM npunyun (3anpem) Ilayau u npasuno I'ynoa.

OcHoBHOE (HEBO30YKJI€HHOE COCTOSIHUE)

3s | 3p 3d

l
B =3; cT.0k. = — 3143

JIIs  maHHOrO aromMa BO3MOJXKEH IIEpexoJl B BO30YKICHHOE COCTOSHUE,
MOCKOJIbKY UMEIOTCSI BaKaHTHBIC OpOUTaIIM Ha d-TIOIypOBHE BHEIIHETO YPOBHSI.
Bo30yxneHHoe cocTosiHue

3s | 3p 3d

B =5; cT.0k. = +5.

3. DJIEMEHT MPUHAICKUT p-cemelticma), MOCKOIbKY MOCIECIHUM 10 MTpaBuiaM
KiieukoBCKOr0 B aTOME 3TOTO 3JIEMEHTA 3aMOJHAETCS P-MI0lyPOBEHb.

4. B aroMe Tpu DHEPreTHYECKUX YPOBHS, COOTBETCTBEHHO 3JEMEHT
pacrojioXeH B mpembeM nepuode Tepuoanyeckoil cucrembl. Ha BHemHem
DHEPreTUYECKOM YPOBHE COJEPKHUTCA TMSTh DJIEKTPOHOB, YTO YKa3blBaeT Ha
MPUHAAJICKHOCTh AJIEMEHTa K namoti epynne. llocnegHuM B atoMe 3amoJIHSETCS
BHEIIIHUN DHEPreTUYECKUN YPOBEHB, 3HAUUT, DJIEMEHT CTOUT B 2A6HOU NOOZpynne.
PaccmarpuBaemsiii aTom siBisieTcst atoMmoM ocdopa u o603HavaeTcs CMMBOJIOM P.

5. BajeHTHble = BO3MOXHOCTM  aToMa  pP-2JIEMEHTA  ONPENECIISIOTCA
KOH(UTYypallreil BHEITHEr0 YHEPreTHYecKoro ypoBHs. B atome nmaHHOro 3jeMeHTa B
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OCHOBHOM COCTOSIHUM Ha BHEIIHEM YpPOBHE TPH HE CIApEHHBIX »3JEKTPOHA,
COOTBETCTBEHHO, 3HaueHue eanenmuocmu 3. BO3MOXHbBIE 3HAUEHUS cmenenell
oxucnenuss -3, +3. B BO30yXIE€HHOM COCTOSSHUM Ha BHEIIHEM YpPOBHE IISATh
AJIEKTPOHOB, ATO ONPEAECISAET 3HAUeHUe BATEHMHOCMU 5 U CmeneHb OKucieHus +35.

[Tpumep 2. HanucaTp 371€KTPOHHYIO KOH(UTYPAIUIO U COCTaBUTh AJIEKTPOHHO-
rpaduyeckyro Qopmyny (cxemy) pacmpeleieHHs SJICKTPOHOB Ha AIIEKTPOHHBIX
YPOBHSIX U MOTyPOBHSX HoHA Mg’ .

Pemenue: DnekrpoHHas (GopMmyna aToMa MarHus 3alMChIBAETCS CIAEAYIOLUM
obpazom:

12 Mg 15”257 2p° 35” unu [Ne] 3s”.

OnexTpoHHO-Tpaduueckas GopMysia aToMa MarHus:

HeBo30yxneHHOe COCTOSIHHE

3s | 3p
!
B=0.
Bo30yxnenHoe cocTosiHue
3s | 3p

B =2; cr.ok. =+ 2.

[Ipomiecc mpeBpailieHus aroMa B HMOH COINPOBOXKIAETCS TMOTEper wiu
MIPUHATHEM JJICKTPOHOB HAa BHEIIHWHA WUIA MPEABHENTHUN YHEPTeTUUCCKUNA YPOBEHbD.
B manHOM citydae aToM MarHus TepsieT JBa JICKTPOHA C BHEITHETO SHEPTETHYECKOTO
VPOBHSI M TpeBpamiaeTcss B TOJOXKHUTEIbHO 3apsiKEHHBIM HOH. B cooTBeTCcTBHM C
BBIIIIECKA3aHHBIM MOXEM 3aIMHUCATh YJIEKTPOHHYIO KOHPUTYPAIUIO HOHA MArHUS:

Mg”" Is? 257 2p° 35"

DnexrponHo-rpadmueckas popmyia (cxema) mona Mg’

3s | 3p

[Tpumep 3. Kakoii nogypoBEHb 3aMOIHAETCS JIEKTPOHAMU B aTOME PaHbIIIE —
4p v 5s?

Pemenne: [lonypoBHIO 4p OTBEYaET 3HEPrus, XapakTepusyronascs cyMMon E
= (ntl), T. e. paBHoi 4+1 = 5. [lomypoBHiO 58 cooTrBeTcTBYeT X (ntl) = 5+0 = 5.
CormacHo BTOpOoMy mpaBuily KileUKOBCKOTO, €ciii 3HEprus Ha JBYX MOJYPOBHSX
OIMHAKOBA, TO 3alOJHEHHWE IIOAYPOBHS DJJIEKTPOHAMM IIPOMCXOIUT B IIOPSIKE
MTOCJIEAOBATEIBHOIO BO3pPACTAHUS TJIABHOTO KBAHTOBOIO 4YHCJIA, T. €. CHadaja
3aMO0JIHSETCS AIEKTPOHAMH IMOYPOBEHB 4p, a 3aTeEM Ss.
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2.2.3 Xumnueckas cBsa3b (3aganus 41-60)

XuMu4eckas ¢Bsi3b — COBOKYITHOCTb B3aUMOJIECUCTBUN MEXKY DIEKTPOHAMH U
ANpaMH, TPUBOIAIIMX K COCAVMHEHUIO OTACJIBHBIX ATOMOB B MOJIEKYJIBI, HOHBI,
paguKaibl, KPHUCTAUIbl, KOMIUIEKCHl. XHMHUYECKAas CBS3b  OCYILIECTBIISIETCSA
CBSA3BIBAIOIMMHU JJICKTPOHHBIMHU [MapaMu, MPUHAJISKAIUMA OOOMM aTOMaM.
CnapuBaHue CBSI3BIBAIOIIMX 3JIEKTPOHOB IPOUCXOJIUT B PE3YJIHTATE MEPEKPHIBAHUS
UX DJIEKTPOHHBIX OOJIAKOB M BO3HMKHOBEHMS OOJIACTH TMOBBIIICHHOW 3JIEKTPOHHOU
IJIOTHOCTH, YTO MPUBOJIUT K CONMIKEHUIO siiep U 00pa30BaHUI0 XUMHYECKOU CBSI3U.

B 3aBucuMocTM OT xapakrepa pacnpeAcsieHUsi AJIEKTPOHHOM IUIOTHOCTH B
MOJIEKYJIE WJIM KPHUCTAJUIE pa3IMYalOT TPU OCHOBHBIX THUIIA XUMHYECKOW CBSI3H:
KOBAJIEHTHYIO (ATOMHYIO), MIOHHYIO, METAITTINYECKYIO.

Mmuorue (usnveckre U BCe XMMHUYECKHME CBOMCTBA BEILECTB OIMPENEISIOTCS
TUIIOM XUMHUYECKOHN CBS3H.

KoBaneHntHasi cBs3b

1. TlonsApHOCT, XUMHYECKOW CBSI3M MOKHO OMNpenesnTh mo paszHoctu 020

(oTHOCHUTENBHAS 3IEKTPOOTPHULIATEIBHOCTD 3JIEMEHTA): YeM OOJIbIIE Pa3HOCTh

AO30, TeMm BbIIE NOJAPHOCTH CBS3U. (CBS3b HA3BIBAETCA KOBAJECHTHOMU

HETOJISIPHOM, €ClIM OHa 00pa3oBajach aroMaMH OJHOTO 3JIEMEHTa, TaK Kak

AOD20 = 0.
2. Mepoii NONSPHOCTU CBA3U SIBIIAETCA TAKKE €€ DIICKTPUUECCKAN MOMEHT JUIIOJIS
(munonbHBIE MOMeHT). U = q -l [Kn'M] wimu [D]. JunonabHbli MOMEHT

XapaKTepU3yeT CIIOCOOHOCTh CBSI3U OPUEHTHUPOBATHCSI B MATHUTHOM TIOJIE.

3. HampaBiieHHOCTh XMMHYECKON CBsI3U. HampaBieHHOCTh KOBAJIEHTHOW CBS3U
KOJINYECTBEHHO BBIPAXKAIOT B BUJIE BAJCHTHBIX YIJIOB. YTOJ CBSA3U, WIIHU
BAJICHTHBIA yTOJ — 3TO YTOJ MEXAY BOOOPAKAEMBIMU MPSIMBIMU JIMHUSIMU,
NPOXOASAIIMMHM 4Yepe3 sSapa XUMHUYECKH CBS3aHHBIX aTOMOB 3JIEMEHTOB.
Hanpumep, B Monekye ammuaka NH; BanenTHsiii yron < HNH = 107°.

4. Jlnuna w osHeprus Xxumuuecko cBsizu. Cuia, BbI3bIBaroIias oOpa3oBaHUE
XMMHUYECKON CBSA3M — PABHOJCUCTBYIONIASI CUJI MPUTSXKEHUS U OTTAIKUBAHUSA
SIep U JIEKTPOHHBIX 000JI0YEK B3aMMOCHCTBYIOIIMX aTOMOB. J[mnHa CBs3H,
HM — 3TO PAacCTOSHUE MEXIY SApamMu, KOTOPOE 3aBUCUT OT Pa3MEpoOB
AJIIEKTPOHHBIX 000JIOUEK U CTETICHU UX TIEPEKPHIBAHUSI.

5. DHeprus cBs3u, K/[/Moib — KOJTUYECTBO SHEPTUH, KOTOPOE BBIJCISAETCS TIPH
00pa30BaHUU XUMUUYECKON CBsi3U. UeM OOJbllle YMCIOBOE 3HAUYCHHUE YHEPTUU
CBSI3M, TEM KOPOUYE U MPOUYHEE XUMUUECKASI CBSI3b.

6. HaceimaemocTs KOBaJIeHTHOW CBsi3u. C TOUKM 3pEHUS] METOJa BaJIEHTHBIX
ces3eii MBC koBalieHTHasi XMMHUYECKasi CBSI3b JIOKAJIM30BaHa MEXIY JIBYMs
aTroMamMy, T. €. OHa JBYXUEHTpOBas W JBYXDJEKTpPOHHas. Bcmencrsue
HACHIIIAEMOCTA CBA3U  MOJIEKYJbl HMEIOT ONPEACICHHBIM COCTaB U
CYHIECTBYIOT B BHJI€ AMCKPETHBIX YACTHUI[ C OINPEICICHHON CTPYKTYpPOU.
Hampumep: H- Cl; ;IN=N:;; O=C=0.
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NonHast cBs3b (YaCTHBIM clydail KOBAJEHTHOM TMOJSPHOM CBSI3M). OTa
XUMUYECKass  CBSI3b  OCYIIECTBISIETCST B pe3yibTare  oOpa3oBaHUA |
AIEKTPOCTATUYECKOTO B3aUMOJCHCTBUSL TPOTHUBOIIONIOKHO 3apsSHKCHHBIX HOHOB.
Hampumep, B kpuctammmueckoil pemerke KCl npoucxoauT oOMeH 3JIeKTpOHAMHU:
K'-e¢ > K, ClI°+ e - CI', K' + CI' > KCIl. Vounast cBsi3p He oOnamaer
HaIPaBJICHHOCTHIO W HACHIIIAEMOCTHIO. JleneHne BemecTB Ha KOBAJICHTHBIC H
MOHHBIC COSUHEHUST OTHOCUTEIILHO, T. K. TAXKE B COCTMHECHUSX IIEIOYHBIX METAIOB
C rajoreHaMu HET IIOJIHOTO TMepexo/ia 3JIEKTPOHOB OT MeTayla K TaJoreHy.
XVWMHUYECKYI0 CBS3b  CUMTAIOT HMOHHOM, €CJIM  Pa3HOCTh  OTHOCHUTENIbHBIX
ANEKTpOOTpUIIaTeNbHOCTEHN 251eMeHToB (020) Merasuia u ranoreHa A O30 > 1,9.

MeTa/uinyeckasi CBSI3b OCYIIECTBIISIETCSI B KPUCTAUTMUECKOW pEIIETKE
MeTajula MEXAY TOJIOKHUTEIbHO 3apsHKCHHBIMA HOHAMHU 32 CUYET TMPUTSHKCHUS
AJIEKTPOHOB, CBOOOIHO MIEPEMENIAIOIINXCS IO KPUCTAILTY («IJIEKTPOHHBIN ra3y). OHa
He 00J1a7aeT HAMPaBIEHHOCTHIO U HACKIIIIAEMOCTHIO.

Ipumep 1.

Onpenenuts nonsipHocts cBsa3u H-H u H-CL.

Pemenue:

N3 tabnuipl 6epem 3nauenus OO0 Bogopoaa u xjaopa. OO0(H) = =2,1,
0O20(Cl) = 2,83. Boruucisiem AOSO(H-H) = 2,1 — 2,1 = 0 — cBs3b KOBaJICHTHAS
HenossipHas. AO20O (H-Cl) = 2,83 — 2,1 = 0,73 — cBs13b KOBaJIeHTHas nojsipHas. Uem
0ompuie 3HaueHue AOS0, TeM BBIIIE MOIIPHOCTh XUMUYECKOM CBS3H.

Ipumep 2.

Jlnnna unons Moiekyast HCI paBua 2,2 x 107" M. BBIYHCINTS AUTIONBHbII
MOMEHT.

Pemenue: JlunonbHBIN MOMEHT pacCUUTHIBAETCA 1O (popMmyiie:

p=qx1[Krwm],

re  — BeJIMYMHA a0COIIOTHOrO 3apsaa sjekTpoHa, Ki;, 1 — mmmnHa cBs3w,
PAcCCTOSIHUE MEXIY IIEHTPpAMH TOJIOKHUTEIBHOTO W OTPHUIIATEIBHOTO 3apsjaoB B
MoOJIeKyJIe (JUIMHA TUTOJIS MOJISKYJIb), HM. = 1,6 107" :2,2-10173,52 107 Kim;

3Hasg, yro 1D = 3,33 107 KirM, BbIpa3uM AWIOJNBHBIA MOMEHT B Jebasx
n=3,52-10"°/3,33-10°"=1,06 D.
Ipumep 3.

Yem 0OBACHSICTCS HAIMpaBICHHOCTh KOBaJeHTHOW cBs3u? Kak HampaBieHBI
cBs3u B Mosiekynax AlCl; u PCl5?

Pemenne:

HamnpaBneHHOCTh CBSI3U ONpeAesieTcs] KOJIMYeCTBOM U (OPMOM 3IEKTPOHHBIX
oOnakoB. CBsi3b 0Opa3yeTcsl B HallpaBiIeHUU HAUOOJBIICH 3JIEKTPOHHOUW MIIOTHOCTH,
HauOobIIeld BBHITIHYTOCTH OOnakoB. B monekyne PCl; HampaBiIeHHOCTh CBs3ei
ompenensieTcss GOpMON BaJIEHTHBIX AJIEKTPOHHBIX 001akoB (dochopa. Ha BHemHem
ypoBHe (hocdopa HAXOIUTCS 5 HEKTPOHOB 3s° U 3p°; HECIAPSHHBIMHE (BAICHTHBIMH)
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SIBJISIFOTCSL 3P AJIEKTPOHBI, 00J1aka KOTOPHIX B3aMMHO TEPIICHIUKYIISIPHBL, T. €. (opMa
MOJIEKY/IbI MHMpPAaMHAANbHAS (Sp -THOpHAN3alys). BaneHTHbIE yIIbl HECKOIbKO
OOJIBITIE MPSMBIX BCJICACTBHE OTTAJIKMBAHKS aTOMOB XJIOpa IPYT OT JIpyTa.

B ciyuae A1C1; (BaJeHTHBIMH SBISIIOTCS DIEKTPOHBI 3s' 3p°) HMeeT MecTo
Sp°-THOPMIM3ALMS, —CICHOBATENHHO, O0ONaka TpPeX BAICHTHBIX  JIEKTPOHOB
pacnoJiokeHsl o yriaom 120° B ogHOM miockocTu. Takoe ke HampaBiIeHUE UMEIOT
CBsI3U, 00pa30BaHHBIC STUMH JICKTPOHHBIMH 00JIaKaMH C BaJICHTHBIMH AJICKTPOHAMHA
TpeX aTOMOB XJiopa. DopMa MOJIEKYJIbI TJIOCKas.

2.2.4 Xumnueckasi kuHetuka (3aganus 61-80)

XuMHYecKass KHHETHKA — pa3/ien GU3NYECKON XUMUH, U3YUaIOIIHi CKOPOCTH
Y MEXaHNU3Mbl XUMUYECKHX PEAKIUH.

CKopoCTh XMMHUYECKON pPEAKIUU OMPEACISIETCS M3MEHEHUEM KOHIIEHTpaluu
pearupyrommx BEHIECTB 3a E€IMHUIy BpPEMEHU B EIUHULE PEAKIMOHHOTO
npoctpancTBa. OHa 3aBUCUT OT MPUPOABI pPEarupyrolmuxX BEIIECTB, UX
KOHIICHTpAIMH1, TEMIIEPATYPhI, TABJICHUS U IPUCYTCTBUS KaTaauzaTopa.

3aBUCUMOCTh ~ CKOPOCTM  XHMMHYECKOM  pEaKkIuu OT  KOHIIEHTpaluu
pearupyronmx BEIIECTB BhIPAKAECTCSI OCHOBHBIM 3aKOHOM XUMHUYECKOW KUHETUKHU —
3aKOHOM JIEMCTBHSI MAacC: NPH IOCTOSHHOW TEMIIEPATYPE CKOPOCTh XUMHYECKON
peakiuyu TpsSMO MPOMNOPLUHUOHAIIBHA TMPOU3BEIACHUIO MOJISIPHBIX KOHIICHTpaIui
pearupymromnmx BEIIECTB, BO3BEICHHBIX B CTENEHb UX CTEXUOMETPUUYECKUX
K03 PUITEHTOB.

XUMUYECKHE PEAKIUU, B KOTOPbIX HCXOJHBIE BEIIECTBA  IEJIUKOM
MPEBPAILAIOTCS B MPOAYKTHI peaKIUK, HA3bIBAIOTCS HEOOPATUMBIMU:

2KCl10O; =2KCl1 + 30,1

v =k, CA(KCIO3) mmn v, = k;-[KCIO;] (kuHeTHYECKOE YpaBHEHHE).

3HAUUTENBHO Yallle MPOUCXOIAT PEAKUWU, HAYLUIME OJHOBPEMEHHO B JIBYX
MIPOTHUBOIIOJIOKHBIX HAMIPABICHUSAX — MIPSIMOM U OOPaTHOM:

2NO() + Oyry <> 2NOypy;

v =k;*[NOT*[O,];

v, = ky*[NO,J*

CocrostHue oOpaTUMOM peakinu, Mpyu KOTOPOM CKOPOCTH MPSIMOM 1 0OpaTHOM
peakIuii paBHbI MEXKy COOOM, Ha3bIBAETCS XUMHUYECKUM PABHOBECHEM.

[Tpu xuMHUYECKOM PaBHOBECHH V| =V,, OTKYJIa

Ke=ki /k; = [NO.J*/ [NOJ* - [O,],

rie K¢ — KOHCTaHTa XHMMHYECKOTO paBHOBeCHs (BeIM4MHA TaOIu4Has),
BBIPAKEHHASI Yepe3 PABHOBECHBIE MOJISIPHBIE KOHIIEHTPAIlMU PEAruPYIOIINX BEIIECTB;
ki, ko — KOHCTaHTBI CKOPOCTEM MpsAMON U 0OpaTHOU XUMHUYECKUX peakiuii; [NO,],
[NO],[O;] — paBHOBECHBIE MOJIIPHBIE KOHLIEHTPALIUY PEAarupyroUX BEIIECTB.

Jist  oOpaTiMOW ~ XMMHYECKOW  PEaKIMd  OTHOIIEHHE  IMPOU3BEICHUS
PABHOBECHBIX KOHIIEHTpAIMi MPOJAYKTOB PEAKIHUH K MPOU3BEACHUIO PAaBHOBECHBIX
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KOHIIEHTpAI[Mi MCXOJHBIX BEIIECTB €CTh BEJIMYMHA IMOCTOSHHAS MPU MOCTOSIHHOM
TeMIrepaType U Ha3bIBACTCS KOHCTAHTOM XMMUYECKOro paBHOBecHs. OHA 3aBUCHUT OT
TeMIepaTypbl, MPUPOAbl PEArUPYIONIMX BEIIECTB, HAJIWYMS KaTajlu3aropa U He
3aBUCHUT OT KOHILIEHTPAIU! pearupyromnmx BemecTs.

IMpumep 1.

Kak wu3MeHUTCS CKOpPOCTh peaKkIuu TOPEHUs] STUJICHA TMPU YBEIUYCHUU
KOHIICHTpAI[MU KUCJIOPOia B TpU paza?

Pemenue:

C2H4(r) +3 Oz(r) = 2C02(r) + ZHZO(H).

CKOpOCTh peakIMM TOpEHUs OTWIeHA JO0 U3MEHEHHUs KOHIEHTPALNU
KHCIIOpOJa:

v =k[CHy4] - [02]3 (3aKOH JIEMCTBUA Macc).

C yBennueHUWEM KOHIIEHTpAlUUU KHUCIOpOJa B TPU pa3a CKOPOCTb PEaKIuu
CTaHET PaBHOU

v1'= ki [C; Hy] 3[0,]) = 27k, [C:HA][0,] =270,

CrnienoBarenbHO, CKOPOCTh YBEJINUMBAETCSA B 27 pas.

Ipumep 2.

Bo ckonmbko pa3 yBENIMUHUTCS CKOPOCTh PEAKIMU IIpU  IOBBIIICHUU
temriepatypsl ot 20 g0 70 °C, ecnu TemneparypHbiid kKodpduiueHT papeH 27

Pemienue:

3aBUCHUMOCTh CKOPOCTH XMMUYECKOW PEAKIIUU OT TEMIIEPATYPBI ONPEAEISIETCS
npaswioM Baut-T'odda (npu mossimennn Temmeparypbl Ha kaxasie 10 °C ckopocTb

12-t1/10
. Haxonum,

XUMHUYECKOU peakIuu Bo3pacTaeT B 2-4 pasza) no popmyie: vt, =vt;-y
4TO

vtfoty = 2702010 =27 =32,

CiienoBaTesibHO, CKOPOCTh PEAKLIMM YBEIUYUTCS B 32 pasza.

Ipumep 3.

B kakyro CTOpOHY CMECTUTCSI PaBHOBECUE B TOMOI'€HHBIX CUCTEMAaX

1. 2HBrr) <> Hyr) + Bryr) — 70,18 kJIx;

2. 2NO¢ry + Oyrry <> 2NOyry +117 x Ik

BCJICJICTBUE TOBBIIICHUS JABJICHUS U TEMIIEPATYPhI?

Pewenue:

B nepBoii cucteme peakuus uaet 0e3 U3MeHeHHsI 00beMa, TT03TOMY U3MEHEHHUE
JABJICHWs] HE BBI3bIBACT CMEIICHUSA pPABHOBECHUSA, A IOBBIIMICHUE TEMIIEPaTyphl
MPUBEIET K YBEJIMUYECHUIO CKOPOCTH NpsiMOM sHAoTepMuueckoil peakuuu (IIpunnmn
Jle lIarenbe).

Bo BTOpO# cucTreMe NMOBBIIEHHUE JAaBJICHUS BBI30BET CMELICHUE PAaBHOBECHUS B
CTOPOHY TPSMON pEaKIUH, HIyIEeH C yMEHbIIEHHEM oO0beMa, a TIOBBIIICHUE
TEMIIEpaTypbl — B CTOPOHY OOpaTHON peakuuu (IHAO0TEPMUUECKOI).
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2.2.5 Cioco0bI BhIpa:KeHUs1 KOHIEHTPAauu pacTBopos (3axanus 81-100)

KoHnnentparueii pacTBopa Ha3bIBa€TCS KOJTUYECTBO PACTBOPEHHOTO BEIIECTBA,
COJZIEpPIKAIIEeTOCs B OMPESICHHOM MAaCCOBOM U 0OBEMHOM KOJIMYECTBE PACTBOPA HIIN
PacTBOPUTEIIS.

B XuMuM TIpUMEHSIOTCS  CIIEIYIONIME CHOCOOBI  BBIPAKEHHS COCTaBa
PacTBOPOB: MaccoBasl JIOJIsl, MOJISIpHAS KOHIICHTPAIWS, MOJISIPHAS KOHIICHTPAIIHS
SKBUBAJICHTa (HOpMaibHas, HPKBUBAJCHTHAsS), MOJSUIbHAS KOHIICHTpAIWSA, a TaKXKe
MOJIbHASI I0JISl U TUTP.

MaccoBoii goJsieli (®w) Ha3bIBaeTCd OTHOILIEHHWE MAaCChl PAaCTBOPEHHOTO
BEIIECTBA K MacCce pacTBOPA, OHA BhIPAXKEHA B JIOJISAX €AMHUIIBI

® = m (B-Ba) /m(p-pa).

MaccoBasi 70Ji1 MOXET OBbITh BbIpakeHa B mporeHTax (o % wumm
C % = 100), mpomumie (%o = ©'10°) ¥ MUUIMOHHBIX HOMSIX (MIH |
wim ppm'= o-10).

KoHuenTpanueid pacTBopa Ha3bpIBacTCS KOJIMYECTBO (MOJb) PACTBOPEHHOTO
BEIIIECTBA, COACPIKAIICTOCS B OMPEACICHHOM MAacCOBOM WJIH OOBEMHOM KOJHMYECTBE
pacTBOpa WU PACTBOPUTEISL.

MoJisipHasi KOHIEHTPAUMs BBIPAKACTCS YHUCIOM MOJIEH pPacTBOPEHHOTO
BEIIIECTBA, CoJIeprKalerocs B 1 muTpe pactBopa [Mow/i] wiu [M].

Cyv= n(B-Ba)/V(p-pa) [Monw/ma];

n(B-Ba) = m (B-Ba) / M(B-Ba).

PactBop, conepkamuit 1 Monbp BemiectBa B 1 J1 pacTBOpa, Ha3bIBAETCS
omHomoJisipubiM (1 M), 0,1 mons — peuumosnsipasiM (0,1 M), 0,01 moms —
cautumossipabim (0,01 M).

MoJisipHasi KOHIEHTPAIUA IKBUBAJIEHTAa BellecTBa (AKBHBAJIEHTHAasI MJIH
HOpMAaJIbHAsI) BBIPAXKACTCSI YMCIIOM MOJb DKBHBAJICHTOB PACTBOPEHHOTO BEIIECTBA,
COJICPIKAIIIETOCS B OJHOM JIMTPE pacTBOpa [MOJIb-3KB/J]; [MoJIb/11]| iu [H].

Cy=n5/ V(p-pa) [H];

n5(B-Ba) = m (B-Ba) / M5(B-Ba);

M5(B-Ba) = M(B-Ba) /z.

PactBop, comepxkammii 1 Momb-3kB. BemectBa B | 7, HaspIBaercd
omgHoHOpMaNbHBIM (1 H), 0,1 MoIB-2KB. — nenuHOpMabHBIM (0,1 H), 0,01 MOIIB-3KB. —
cantuHopMainbHbM 0,01 H).

MoJasijibHasi KOHIEHTPAIMs BBIPAKACTCS YHUCIOM MOJICH PacTBOPEHHOTO
BEIIIECTBA B OJJHOM KHJIOTpaMMe PacCTBOPHUTENS [MOJIB/KT]:

Cm = n(B-Ba)/ m(p-Jist) [MOJIB/KT].

MouabHast goss (MoJisspHAasi [0Jis1) BEIIECTBA B PACTBOPE OMPEACIISICTCS
OTHOIIIEHUEM YHCJIa MOJICH JTAHHOTO BEIIECTBA K CyMME UHCjia MOJICH BCEX BEIIECTB,
HaxoJAIMUXCS B pacTtBope. IS JBYXKOMIIOHEHTHOW CHUCTEMBI: nj- n(B-Ba), n, —
n(p-7s1), OTCI0/Ia MOJIbHAS JIOJIS BEIIECTBA

X;=n;/n;+n,
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KoHnenTparuioo wHOTJa MOXKHO OMNPEASTUTh TOo Tabiuile, 3Has IUIOTHOCTH
pactBopa. Ee MOXKHO BBIpa3UTh TUTPOM.

Tutp omnpenmenseTrcs YWUCIOM TPaMMOB  pPACTBOPEHHOTO  BEIIECTBA,
coJiepKalierocss B OAHOM MIULTWIMTpe pacTBopa [r/mi]. T= m (B-Ba) / V(p-pa)
[r/mu].

Ipumep 1.

Beraucnuteh  MOJSPHYIO — KOHIIEHTPAIMIO, MOJIAPHYIO  KOHIICHTPAIUIO
HKBUBAJICHTOB U MOJISIbHYIO KOHIIEHTpaluio (ochopHON KUCIOTHI B 6%-M pacTBoOpe
H;PO,, nnotHOCTH KOTOpOTO paBHa 1,031 r/em’.

Pemenue:

Macca ogroro nutpa 6%-ro BogHoro pactBopa dochoproit kuciotsl (H3PO,):
m (p-pa) = p-V; m (p-pa) = 1,031-1000=1031 r. Macca H;PO, B omHoM nutpe
pacTBOpa COCTaBJISIET:

m(H;PO,) = m(pactBopa)- o;

o =m;(H;PO,) / 100;

m(H;PO,) = m(pactBopa)- m;(H;PO,) / 100;

m,;(H;PO,) — macca pochopnoit kuciotel B 100 r 6%-ro pactBopa;

m(H;PO,4) =1031-6/100=61,86T.

MosipHYI0 KOHLIEHTpaUuio (MOJISIPHOCTB) BBIUKCIISIEM IO (pOpMYJIE:

Cwm = n(B-Ba)/V(p-pa) = m(B-Ba) / M(B-Ba) - V(p-pa) [Monn/n];

Cu(H3PO4) = 61,86 /981 = 0,63 Momns/i1.

MossipHyl0  KOHIIEHTPAIMIO  SKBUBAJEHTOB  BellecTBa (HOPMAaJIbHOCTH)
omnpenessieM o GpopmyJe:

C =115/ V(p-pa)= m(B-Ba)/ms(8-Ba)- V (p-pa),

m5 (H;PO4) = M(H5PO,)/z (H;PO,) [r/Mob];

Z — OCHOBHOCTh KHCIIOTHI (YMCIO KAaTHMOHOB BOJOpoAa B kuciore nH'),
z(H;PO,) =3.

my (H3;PO,4) = 98/3 = 32,66 r/mMmob;

Cn=61,86/32,66-1 = 1,89 mounb/m.

Haxonum MOJSUTbHYIO KOHIIEHTPAIMIO (MOJSUIBHOCTH) (ocopHOM KUCTOTHI B
pacTBope:

Cm = m(B-Ba)/M(B-Ba) m(p-Jisi) [MOJIb/KT|;

m(H,0) = 1031-61,86 = 969,14r =0,969 «r;

Cm(H3PO,4) = 61,86 /98:0,969 = 0,65 monw/kr (H,0).

Ipumep 2.

B 250 mn Bompr pactBopunmu 8 T xiopuga meau(Il) CuCl,. Paccuurats
MAacCOBYI0O U MOJIBHYIO JOJH PAaCTBOPEHHOTO BEIIECTBA, MOJSPHYIO, MOJSIIBHYIO,
HOPMAJIbHYIO ~KOHIICHTPAIIMIO W TUTP TIOJYYEHHOro pactBopa. ILIOTHOCTH
noyrydeHHoro pactopa 1,17 r/mn

JIJisi maHHOTO pacTBOpa paccyuTaTh (U3UKO-XMMHYECKUE TapameTphl TpH
temnepatype 25 °C. Crenensb 3J1eKTpouTruueckoil aucconuanuu 0,9.
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Pemenue: 1.

Omnpenensem maccoByio om0 (® %) wmm mporieHTHOe coaepxkanue (C %)
PacTBOPEHHOTO BELIECTBA B MOJTYYCHHOM PacTBOPE.

MaccoBast 7011 TOKa3bIBa€T, CKOJbKO TI'PaMMOB PAacCTBOPEHHOTO BeIlEeCTBa
npuxoautcs Ha 100 r pacTtBopa.

wo, (pacTe.Bem] — Ba) = mii;z:::;;ﬂ -100[%] -

Halinem mMaccy mosydeHHOTO pacTBOpa, oHa OyAeT CKJIaJbIBaThCS U3 MacChl
BOJIbI U MACCHI XJIOpUIA MEIN KaK pPACTBOPEHHOTO BEIIECTBA!

m (pactBopa) = m(H,0) + m (CuCl,), 3Hast 4TO TIIOTHOCTH BOJIBI

p(H20) = Ir/mir; m(H,0) = p(H,0) - V(H,0),

m(H,O0) =1-250 =250,

m(pacTtBopa) =250 + 8 =258 ().

m(CuCl) 8 .

wqy, (Cull) = m(pacreopa) -100 = 558’ 100 =3%

PaccunThiBaeM MOJISIpHYIO KOHIIEHTPAIMIO PACTBOPA.

MosipHass KOHIIGHTpalMsi TMOKa3bIBaeT, CKOJbKO MOJIb PAaCTBOPEHHOTO

BCIICCTBA COACPIKUTCS B I n pacTBOpa:

n
Coyp ==
M v’

rac n — KOJIHU4YCCTBO paCTBOPCHHOI'O BCIICCTBA, MOJIb, V — 00peM pacTBOpa, J.

HaxoauM KOJIM4eCcTBO MOJIb PACTBOPEHHOI'O BEILIECTBA:
m(CuCl,) 8

CuCl,) = = = 0,06
n(CuCly) = reeuar,) ~ 1345~ Y06(om)
1 00BEM pacTBopa:

— 258
Vip—pa)= m(p ~ pa) = = 220,5(mn)

p(p—pa) 1,17
HO)ICTaBJ'IS[H IMOJIYYCHHBIC 3HAUYCHUA B BBIPAXXCHHC JUUIA MOJISIpHOf/'I

KOHIIEHTPALIKH, [TOJyIaeM:
n 0,06
Cyy =—=—""—=0,27(Mons/n)
M
IV 0,2205 ’
PaccunThiBaEM HOPMAaJbHYIO (DKBHBAJIEHTHYIO) KOHIEHTPAIMIO pPAacTBOPA.
HopmanbHast — KOHIEHTpAIWisl — IMOKAa3bIBAE€T, KAKOE€  YHCIO  DKBUBAJIEHTOB
pPacTBOPEHHOIO BEIIECTBA COAEPKUTCS B 1 JI pacTBOpa:

CN ==,
Vv

re N, — KOJMYECTBO MOJIb JKBHBAJICHTOB PACTBOPCHHOTO BemiecTBa;, V —
o0BeM pacTBopa, .
PaccuunThiBaeM n, Jisi paccMaTprBacMOTo pacTBoOpa:

miCuCl,)
n,(CuCly) = M (CuClzzj’

rae M, (CuCl,) —skBuBanentHas macca CuCl,, r/Mo1b.
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M(CuCl,) 1345

M, (CuCl,) = 15 = 67,25(r/monn)
m(CuCl,) 8
I(CuCl,) = _ —012(r—
nI(Cull,) = ety ~ 67,28~ V12— axke)
n. 012
CN=—c_—"% _054
vV 02205 (Moms/m)

PaccunTeiBaeM MOJISIIBHYIO KOHIIEHTpaIuio. MOJsuibHAs — KOHIICHTPAIIHS
[IOKa3bIBAET, CKOJILKO MOJb PAcTBOPEHHOIO BEIIECTBA IMPUXOAMTCS Ha | Kr
pPacTBOPUTEIIS:
C. — n(pact, —=5a)
™ mipacre—a1)

rae m(p-Jist) — 3TO Macca pacTBOPUTEIIS, KT.

c 0,06
™ 0,25

PaccunThiBaeM MOJBHYIO JOJII0 PACTBOPEHHOIO BEIISCCTBA — ATO OTHOIICHUE
KOJIMYECTBA MOJIb PACTBOPEHHOTO BEIIECTBA K 0OIIEMY YHCIY MOJIb B PACTBOPE:

n(pacr, — Ba)

= ﬂ,Z‘l(MOﬂL/I{I‘paETE — JIH)

" n(pacr, — Ba) + n(pacre — 1)

Haitnem uncino Moiib BOJRI:
m(H,0) 250
n(H,0) = m =0 = 13,9(Monb),
0.06
0,06+139
PaccunThiBaeM TUTp pacTBOpa, KOTOPHIM TOKA3bIBa€T, CKOJHKO TPaMMOB
PacTBOPEHHOIO BEILIECTBA COAEPKUTCS B 1 MJI pacTBOpa:
m(pacr, — Ba) _ 8 _ 0.036(c/m1)
V(p—pa) 220,5
[Tockonpky CuCl, sBAsiETCS 3JIEKTPOIMTOM, HCHOIB3YeM 3akonsl Payns u
Baum-lI'ogp¢pa c BBeneHueMm mompaBoYHOTO Kodbduimenta (uzomoHuueckuil
K03ghuyuenm). BennurHa HM30TOHUYECKOTO KOA(PPUIMEHTA 3aBUCUT OT CTEIECHH

JACCOIIMAIINH IJICKTPOJIMTA:
(i-1)
- (k—1)
1€ o — CTCIICHb AUCCOIHUAIlNN BJICI(TpOJ'H/ITa; k — YHCJIO MOHOB, Ha KOTOpBIe
pacmagacTcs DJICKTPOJIUT IIPU JUCCOLAAIMH.
XJopua Meu TPU TUCCOLIMALIMY PACTIAIAETCS HA TPU UOHA:
CuCl, & Cu*" + 2CI ,k =3.
PaccuntreiBaem BCJIMYNHY H30TOHUYECKOTO Koatl)(bnuI/IeHTa JJIS
paccMaTpuBaeMoOro pacTBopa:

3aTE€M MOJIBHYIO JIOJII0 pACTBOPEHHOTO BeliecTBa: X = = 0,004.

T =

orcroma L=a-(N—1)+ 1,
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1=09-3-1)+1=28.

PaccunThiBaeM BETMYMHY OCMOTHYECKOTO J1aBJICHUS ISl JAHHOTO PacTBOpA:

P=i-C4,-R-T,

rae P - ocmornueckoe nasienue, klla; 1 — nuzotonnueckuit koadduimeHt; Cy
— MoJIsIpHas KOHIIGHTpallMs pacTBOpa, MOJb/JI; R — yHuUBepcanpHas ra3oBas
nocrosiuuast (8,31 Ix-mons ' -K™); T — Temneparypa, K.

P=2,8-0,27-8,31-:298 = 1872 klla.

PaccunThiBaeM BeIMYMHY TOHIKEHUS JaBJICHUS Tapa HaJ pPacTBOPOM,
yucnonb3ys [-i 3akoH Payis:

Ap = py - X, X =1'n(B-Ba) / i-n(B-Ba)+ n(p-is),

rae Ap — U3MEHEHHe JaBiIeHUs HAaCBIILIEHHOT O Iapa HaJl pacTBOpoM, Klla

Po — JAaBJICHUE HACBIIIEHHOTO Tapa HaJl YUCThIM pacTBopurenem; klla;

1 — U30TOHUYECKUMA KOA(PPUITUEHT;

X — MoJIbHAs JI0JIsI pACTBOPEHHOT'O BEILIECTBA B PACTBOPE.

Ap=2,8-3,166-0,004 = 0,035klla

[loBblllieHHE  TeMmmepaTypbl  KUIIEHHS W TOHIDKCHUE  TeMIlepaTypbl
KPUCTAJUIA3ALN PACCUYNTHIBAEM, UCTIOJB3Ysl 11-11 3akoH Pays:

Atgpycr, = 1'K-Chy;

Atgy, =1°E-Cp,

rie K u E — cooTBeTcTBEHHO KpHOCKOIUYeckass U 30yJIIMOCKONUYECKas
nocrosinabie pactBopurens, °C (Koasr = 1,86 rpan. K/monb, EBoasr = 0,52 rpas.
K/moinnp);

Cin — MOJIsUIIbHASL KOHIIEHTpaUs pacTBopa.

Atgpucr. = 2,8-1,86-0,24 = 1,25 °C;

Atgyn, =2,8:0,52-0,24 = 0,35 °C.

OtBeT: Wy, = 3%, Cp = 0,27(monn/n), €, =0,54(mons/n), X = 0,004,
C,, = 0,24(Monb /Kry, ., —151), T=0,036(r/mn), P = 1872 «lla,
Ap = 0,035kl1a, Atgpper = 1,25 °C, Aty = 0,35 °C.

2.2.6 I'uaposu3s coJeit (3aganus 101-120)

I'maposm3om Ha3bpIBaeTCs XMMHYECKOE OOMEHHOE B3aMMOJICHCTBHE HOHOB
PACTBOPEHHOMW COJIM C BOJIOM, MPUBOIAIIEE K 00Pa30BAHUIO MPOAYKTOB, SIBIISTIOLITUXCSI
C1aObIMM DJIEKTPOIUTAMU (CJIA0BIX KHUCJIOT U OCHOBAaHUMN, aHHMOHOB KHUCJBIX WJIH
KaTUOHOB OCHOBHBIX COJICH), COIMPOBOXKAAIOIIECECS] CMEIIEHUEM pPaBHOBECHS
JMCCOILIMAILIMM BOJIbI M U3MEHEHHEM peakiuu cpenbl (pH).

Ipumep 1.

CocTaBbTe HMOHHO-MOJICKYJISIDHBIE M MOJIEKYJIIPHBIC YpPaBHEHMS THUJIPOJIM3A
cynbdara nuHKa. OnpeaenuTe peakiuo cpebl BOAHOTO pacTBOpa 3TOU COJIH.
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Pemenne:

Cynbdar nunka ZnSO, — COJIb MHOTOKHUCIOTHOTO C€JIa00ro OCHOBAaHHS
Zn(OH), u cunbHON MHOrooCHOBHOU KucnoTel H,SO,4. I'maponu3 Oyaer npoTekaTh
1o kaTuoHy. MloHHO-MOEeKyJIIpHOE YpaBHEHHE TUAPOIN3A:

I crymens Zn® + HOH < ZnOH' +H"

unu B MoJiekyJsipaoM Buae: 2ZnSO, +2H,0 < (ZnOH),SO,4 + H,SO;,.

B pactBOope mosiBIsieTcs M30BITOK HMOHOB Bojopoja H', moatomy pacTBop
ZnSO, umeer kuciyro peakuuto (pH<7). B 0OBIYHBIX YCHOBHSIX TUIPOIU3 UAET 1O
nepBoit crynenu. O6pazoBanus Moiekynbl Zn(OH), Ha nepBoi CTyNeHW TUIPOIU3a
HE TIPOUCXOJIUT.

Ipumep 2.

Hanucate ypaBHEHMsI peakuMil THUIPOJIM3a B MOJICKYJISIPHOM M HOHHO-
MOJIEKYJISIDHOM BHJE€ M yKa3aTh, Kak B pe3yJbTaT€ TUAPOIN3a H3MEHUICS
BOJIOPOJIHBIN MToKa3atenb pH B pactBope conu Na,COjs.

Pemenue:

KapOonar natpusi Na,CO; — conb, 00pa3oBaHHas CUJIbHBIM OCHOBAaHHUEM
NaOH wu cna6oii kucinoroit H,COs;. B nannom cinyyae rugponu3 OyAeT npoTeKkarh Mo
AHUOHY. YTOJIbHAsi KUCJIOTa SIBJISIETCS JBYXOCHOBHOW, MO3TOMY THIPOJIA3 JOJKEH
MPOTEKAaTh B JBE CTYNEHW. IIOCKONIBKY THIpOJIA3 COJIEM MO BTOPOW CTYIECHH
MPOTEKAET B HE3HAUYUTEJILHOW CTETEHU, MOKHO MpeHeOpeyb HAaTMCAaHUEM YPaBHEHUS
3TOW PEAKLINH.

1 cTynens:

CO327+ HOH < HCO;3; + OH -cokpaiieHHoe

MOHHO-MOJICKYJISIPHOE YPaBHEHUE;

2Na“ + CO;> + HOH —Na" + HCO; + Na' +OH ™ - nosHoe

MOHHO-MOJIEKYJISIPHOE YPaBHEHHUE;

Na,CO3;+ HOH < NaHCO; + NaOH - mouekyJisipHOE ypaBHEHHE.

Kak BUgHO M3 COKpaIllEHHOTO MOHHO-MOJIEKYJIIPHOTO YpaBHEHUS, B pacTBOpe
COJIM B pe3yJbTare TUAPOJU3a MPUCYTCTBYIOT TMJIPOKCHUA-UOHBI, 3TO yKa3bIBaeT Ha
HIEJIOYHOM XapakTep cpeanl. pH Takoro pactBopa OyJeT NpUHUMATH 3HAYCHHUE >7.

IIpumep 3.

Hanucate ypaBHEHHs peakuMil THAPOJM3a B MOJIEKYJISIPHOM M HOHHO-
MOJIEKYJISIDHOM BHJE€ UM YyKa3aTh, Kak B pe3yJbTaTe TUAPOIN3a H3MEHUICS
BOJIOpOIHBIN TIoKa3aTenab pH B pactBope conmrt Mn(NO;)s,.

Pemenne:

Hutpat mapranna (II) Mn(NOs), — conb, 00pa3oBaHHasi C1a0bIM OCHOBAaHHEM
Mn(OH), u cuipHON KHUCJIOTON — ATO Ciy4yad THApPOJU3a Mo KaTuoHy. ['mapoxcu
Maprasiia siBJsieTCs JIBYXKHCJIOTHBIM OCHOBaHUEM, THIPOJIN3 JOJDKEH MPOTEKaTh IO
JIBYM CTYIICHSIM.

I crynenn

Mn*" + HOH < (MnOH)" + H;
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Mn*" + 2NO;” + HOH « (MnOH)" + NO; + H" + NO;;

Mn(NO;), + HOH <> Mn(OH)NO; + HNO;.

I'mapokconutpar Mapranuna (II) Mn(OH)NO; -  manopactBopumoe
COEIMHEHHE, TOITOMY THJPOJIU3 MO BTOPOM CTYNMEHH MPAKTUYECKU MPOTEKATh HE
Oyner.

W3 ypaBHeHUH TUApONM3a BHUJIHO, YTO B PAcCTBOPE COJH MPHUCYTCTBYIOT
MPOTOHBI BOJOPOJA, KOTOpBIE OYAYyT OIpenemsTh KHUCIbIM Xapaktep cpensl. pH
pacTBOpa 3TOM conu OyJeT MPUHUMATh 3HAaUeHHUE <7.

Ipumep 4.

CocTaBUTh MOHHO-MOJICKYJISIPHBIE U MOJIEKYJISIpHBIE ypaBHeHUs ruaponu3za (I
ctynens) crnenytomux coneit: a) KF; 6) Cu(NOs),; 1) Na,S. Ykazars peakuuto cpejibl
pPacTBOPOB ATUX COJIEH.

Pemienue:

a) ®ropun kamus — KF <> K™ + F, conps ob6pasosana cnaboii xucnotoit HF u
cuinbHbIM ocHOBanneM KOH. I'uaponus npoctoi, OyieT nmpoTeKkaTh 0 aHUOHY.

F + HOH <> HF + OH .

HNonHo-MomNeKysipHOE YpaBHEHUE THPOIIN3A:

K'+F +HOH < HF + OH +K',

WIH B MOJICKYJISIpHOU (hopme:

KF + H,O < HF + KOH.

B pesymbrare rHAponu3a B pacTBOpE YBEIWYMBACTCS KOHIICHTPAIUS
T'HJIPOKCHUI-MOHOB, To3TOMY pactBop KF nmeer menounytro peaxuuto (pH > 7).

6) Hurpar mexu (II) - Cu(NO;), <> Cu®" + 2NO;", conp 06pa3oBaHa ciabbiM
ocHoBanreM Cu(OH), u cunbHoi kuciaoroit HCL. ['uaposn3 CloXKHBIN CTyIeHYaTHIH,
OyZIeT npoTeKaTh M0 KaTHOHY:

I crymens: Cu’" + HOH « (CuOH) + H'.

HNonHo-MomNeKynsipHOe ypaBHEHUE THIPOIN3A:

2NO; + Cu*" + HOH < (CuOH)"+ H"+ 2NO; .

B monekynsipaoii hopme:

Cu(NO;), + H,O < (CuOH)NO; + HNO:;.

B pesynbrare ruaponnsza B pacTBOPE YBEIMUYMUBACTCS KOHIICHTpPAILUS HMOHOB
BojIopoa, moaToMy pactBop Cu(NO;), umeer, kucnyro peakiuto (pH <7).

B) Cymbdun Hatpus — Na,S <> 2Na™ + S*7, comp 00pa3zoBaHa CHIBHBIM
ocHoBanreM NaOH u cnaboit kucinotoir H,S. I'maponu3 ciiokHbIA CTYNEHYATHIMH,
OyZeT MpoTeKaTh MO0 aHUOHY:

I crynens: S°~+ HOH <« HS™ + OH ™.

HoHHO-MOJNEKYIIpHOE YpaBHEHHUE THIPOIN3a:

2Na' + S~ + HOH < HS™ + OH + 2Na’,

B MOJIEKYJIIPHOU (popMe:

Na,S + HOH < NaHS + NaOH.
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B pesymbrare rHaponu3za B pacTBOpE YBEJIWYMBACTCS KOHIICHTpAIUS
TMAPOKCHI-MOHOB, MO3TOMY pacTBop Na,S mMeer mienouHyr peakuuio (pH>7).
Jlakmyc nproOpeTaeT CUHUI 1BET.

2.2.7 KommiekcHble coequHenust (3aganus 121-140)

B KOMIUIEKCHOM COEAMHEHUU Pa3INYalOT BHYTPEHHIOIO (KOMIUIEKCHBIA HOH,
WM KOMIUIEKC) ¥ BHEIMHIO cdepsl. BHyTpeHHIOI0O cdepy COCTaBISIIOT
KOMILIEKCOO0Opa3oBaTeib (IIEHTPaIbHbIN HOH WIJIM aTOM) U JIUTAHbI (IICHIbI).

Buemnecdepnas aucconmanusi KOMIUIEKCHBIX COEAMHEHUN MPOUCXOAUT B
BOJHBIX pPAacTBOpax IMPAaKTUYECKH TMONHOCThIO. (OHa Ha3bIBAETCS MEPBUYHOM.
OOpatumplii pacnajy BHYTpPEHHEH cdepbl KOMIUIEKCHOTO COSIWHEHUS Ha3bIBAIOT
BTOPUYHOM Aucconmanuen. Jluccoumanus KOMIUIEKCHOTO HOHA XapaKTEpPU3YyeTCs
KOHCTAaHTOM  pABHOBECHUS, KOTOpash HA3bIBa€TCsl KOHCTAHTOM  HECTOMKOCTH
KOMIUIEKCHOT'O HOHA U CITY>KUT MEPOMl YCTOMYMBOCTH KOMILJIEKCA.

Ipumep.

YkaxuTe B KOMIUIEKCHOM CO€IMHEHUU KOMILIEKCOOOpa3oBaTesb, €ro CTENEHb
OKHUCJICHUSI, KOOPJIUHAIIMOHHOE YUCIIO, JIMTAHIbI, 3apsi]l KOMIUIEKCHOTO MOHA.

[Pt(NH;),CL]Cl,.

Pemienue:

B yKa3aHHOM COGIMHEHHNH KOMILIEKCOOOPA30BATEIEM SIBISIIOTCS HOHBI Pt'
KOOPJMHAIIMOHHOE YMCIO paBHO 6. JIuranmamu B COEIMHEHUH SIBIISIIOTCSI YETHIPE
MOJIEKYJIbI aMMHUaKa u JBa xyuopua-uona CI .

3aps/ KOMIUIEKCHOTO MOHA PaBEH CyMME 3apsiioB KOMILJIEKCOOOpa3oBarens u
JIUTaHJ0B. B coeqnHeHnu 3apsii KOMIUIEKCHOTO HOHA Pt* paBeH: X +4-0 + (—2) =+2,
x =+4, T. €. 3aps] IUIATUHBI Pt*".

[Ipu pacTBOpeHHH B BOJI€ KOMILICKCHBIE COSTMHEHUS BEAYT C€0sl KaK CUJIbHbBIC
ANEKTPOJIUTHI, TOJHOCTBIO PACMAAIOTCAd HAa MOHBI C OTIICIUICHUEM KOMIUJIEKCHOTO
wona: [Pt(NH;),CL]Cl, > [Pt(NH;),CL]*+2CI .

KommiekcHblli MOH (KOMILIEKC), SIBJSSICh CIA0bIM 3JIEKTPOIUTOM, B OOJbIIEH
WA MEHBUIEH CTENEHW pacnagacTCs Ha HMOHBI. 3alKuChbIBAEM YPABHEHHUE MOJHOU
IUCCOLMAMH  KoMIuiekcHoro mona: Pt(NH;),CL]*'— Pt*"+ 4NH;+2CI". Dror
MpOLECC TOAUYMHSCTCS 3aKOHY JAeucTBUS macc W npuHnumny Jle [larenve. s
PABHOBECHOM CHCTEMbl MOXHO COCTaBUTh BBIPAKEHHE KOHCTAHTHl PaBHOBECHS,
KOTOpasi JJisl KOMIUIEKCHOTO HMOHA TOJy4yWjia Ha3BaHWE KOHCTAHThl HECTOMKOCTH
KOMIUIEKCHOT'O MOHA.

KoncTaHnTa HECTOMKOCTH NPUHUMAET CIEAYIOIIUN BU:

Kurer (Pt(NH;)4CL]") = [Pt*]-[NH5]'[C1 T/ [Pt(NH3),CL"].

UeM MeHbIIIE 3HAYEHUE KOHCTAHTBI HECTOMKOCTH KOMIUJIEKCHOTO HOHA, TEM
OoJiee ycToi4YMB OH B pacTBope. KOHCTaHTY HECTOMKOCTH Ha3bIBaIOT KOHCTAHTOM
pacraza KoMIuiekcHoro uoHa. OOpaTHyl0 €€ BEeJWYMHY Ha3bIBalOT KOHCTaHTOMN
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o0pa3oBaHus KOMILIeKca, Ui KoHcTtaHTol ycroWunBocTd. Kycer = 1/Kyger, Kuger. -
BEJIMYMHA TaOJUYHAS.

2.2.8. OKHCIMTETbHO-BOCCTAHOBHUTEIbHBIE peakiuu (3aganus 141-160)

JIist cocTaBlieHUs YpaBHEHUU OKHMCIMTEIbHO-BOCCTAHOBUTENBHBIX PpEaKIIHid
MOKHO MCTIOJIb30BaTh JBa Criocoba moadopa kodhduimeHToB. MeTo 1 3JIeKTPOHHOTO
OalaHca TO3BOJISIET TMOAOOpaTh KOA(PPHUIMEHTHI TOJBKO TIEpPEed MOJICKYyJaMu
OKUCJIHUTENSI W BOCCTAHOBHUTENSA. VIOHHO-ANEKTPOHHBIA METOA, WM METOA
AJIIEKTPOHHO-MOHHOTO OanaHca (MeTo/1 MOoJMypeaKilnil) UCIOJIb3YeT MpeacTaBIeHuE 00
ANEKTPOTUTUUYECKON JUCCOIMAIMM. YUACTHUKU MPOIECCa 3alUChIBAIOTCA B MOHHO-
MOJICKYJIApHON (hopme. MeTon MPUMEHHUM, €CIIM PEaKIuu MPOTEKAIOT B BOIHOM
pactBope. BemectBa pacrnagaroTcsi Ha UOHBI, PEaTbHOCTh CYLIECTBOBAHUS KOTOPBIX
MOXET ObITh OOHapy)XeHa B pacTBOope. B 3ToM cnydae ydHTBHIBAIOT MpoIlIecC
mucconmanuu Boasl H,O «» H'+ OH 1 MCHomb3yloT B KadecTBE KOMIIOHEHTA
peaxuuu Monekynsl H,O nonst H u OH .

Ipumep 1.

Ha ocHoBaHuUM 3JEKTPOHHO-MOHHOTO MeTo/a Mojo0paTh KOod(h(HUIMEHTH B
ypaBHEHHUE PEaKIUU:

KMIIO4 + NaQSO3 =+ HZSO4 — MHSO4 + NaZSO4 + KQSO4 + HQO

Pemenue:

DTO ypaBHEHHE HEOOXOIMMO 3alucaTh B MOHHOM BHJIE, YUUTHIBAS T€ HOHBI,
KOTOpbIE€ U3MEHHIIA CBOM TIEPBOHAYAIILHBIN BU/I;

MnO, + SO;” +2H' — Mn*" + SO,* + H,0.

B oroil peakunu  HOH SO32_ OKHCIISIETCI B HOH SO42_. Henocraronmit
kucinopox mpu mepexone SO, B SO,> Gepercst U3 BOBL, U B Pe3yIIbTaTe 00pasyercs
M306ITOK MOHOB H '

S0;* + H,0 — SO,* +2H".

Tak kak CymMMBI 3apsI0B B JICBOM M IPABOM YacTU YPABHEHUS JOJDKHBI
paBHATHCS JApPYr JAPYry, W3 JIEBOM 4YacTH CIIEAyeT BBIYECTh JBa OJIEKTPOHA.
DJIEeKTPOHHO-UOHHOE YPAaBHEHHE JIJIs MPOIECCa OKUCIICHUSI OyIeT UMETh BUI:

SO;* + H,0 — 28 — SO,> + 2H". (1)
COOTBETCTBEHHO AJIAA ITponecCa BOCCTAHOBIICHUA
MnO, + 8H" +5¢&— Mn”" + 4H,0. (2)

HNonbsl BOgopoAa HyXHBI JUIsl CBSI3BIBAHMUSI B BOJY OCBOOOKIAIOIIETOCS
KHCIIopoJa mpu nepexoge noHa MnO, B HOH Mn*". YMHOXas dIeHbI IIEPBOr'0
YpaBHEHUs HAa 5, BTOPOrO Ha 2 W CKJIAAbIBasg MX, MOJIYYUM HOHHOE YpaBHEHHE
JTAHHOW pEaKI1H:

5|805 + H,0 - 28 — SO,” +2H"

2| MnO,” +8H' +5¢& — Mn’’ + 4H,0

5S0;" +2MnO, +6H — 580, +2 Mn*" + 3H,0.

OT MOHHOIO YpaBHEHUS JETKO MEPENUTH K MOJIEKYJIIPHOMY YPaBHEHHIO:

36



2KMnQO, +5Na,S0O; +3H,SO,4 = 2MnSO, + 5Na,S0O4 + K,SO,4 + 3H,0.

Ipumep 2.

VY cTaHOBUTH HaIPaBJICHUE BO3MOXKHOTO MPOTEKAHUS PEAKIIUU:

2NaBr +PbO, + 4HNO; --- Pb(NO3), + Br, +2NaNO; + 2H,0.

Pemenue:

3anwuireM ypaBHEHHE PEAKIIMU B HIOHHO-MOJIEKYISIpHON (hopme:

2Br + PbO, + 4H" — Pb*" + Br, + 2H,0.

ITo Tabmumne (JIypre. FHO. FO. CnpaBouHHMK 10 aHAJIUTHYECKOM XUMHUH. —
MockBa: Xumus, 1978. — 447 c.) HaxoAuM YHUCJIOBBIC 3HAYEHUsI CTaHIAAPTHBIX
AIEKTPOAHBIX MOTEHIIMAIOB JIEKTPOXUMHUUECKUX CUCTEM, YUACTBYIOIINX B PEAKIIUU:

Br, +2& — 2Br  E% =1,065B;

PbO, + 4H +2& — Pb*" +2H,0  E’,=1,449B;

AJC =E%—E° = 1,449 — 1,065 = 0,384 B.

OkuciauTeraeM Bcerjga CIY)KAT CHCTeMa ¢ 0ojiee BBICOKUM 3HAYCHUEM
ANEKTPOAHOrO moTeHIuana. [lockoapKy 3/1eCh 3HaYCHUE E’, 3HaumTeNBbHO GOJIBIIE,
gem E’ MPAKTUYECKU TPU JIOOBIX KOHIICHTPAIUSAX B3aUMOJICUCTBYIOIINUX BEIIECTB,
OpoMHT HOH OYyJIET CIY>KUTh BOCCTAHOBHUTEJIEM, a JTMOKCHJ CBUHIIA — OKHUCIUTEIIEM.
Peakuus Oynet mpoTekarh ciieBa HalpaBo, Tak Kak 3/[C> 0 (momoxxuTeabHas ).

2NaBr +PbO, + 4HNO; = Pb(NO3), + Br, +2NaNO; + 2H,0.

Ipumep 3.

CocTaBUTh ypaBHEHHE PEAKIIUM OKHCICHHUS CEPOBOJIOPOJAa XJOPHOM BOJOM.
Peakiusa npoTekaeT mo cxeme:

H,S + Cl, + H,0 — H,SO, + HCl.

OnpenenuTy THUN OKHUCIUTEIbHO-BOCCTAHOBUTEIBHOM peakuuu. PaccuntaTth
SKBUBAJICHTHBIE MAaCChl OKHCIMTENS U BOCCTaHOBUTENS. OnpenenuTh BO3MOXKHOCTh
MPOTEKAHUS PEAKIIMU B YKa3aHHOM HaIpaBJICHUM.

Pemenue:

1. OnpenensieM CTENEHU OKHUCIEHHUS aTOMOB 3JIEMEHTOB, KOTOPBIE BXOJAT B
COCTaB MOJIEKYJI BEIIECTB YUACTHUKOB PEaKI[UH.

+1-2 0 +1-2— +1+6-2 +1-1;

H,S + Cl,+ H,0 — H,SO, + HCL.

B xone mporecca aTroMbl ABYX SJIEMEHTOB — CEpPbl U XJIOpA — H3MEHWIH
cTerneHb okucieHus. Cepa MOBBICHIIA CTENIEHb OKUCIICHUS ¢ -2 10 +6, OT/AaB IIPU ATOM
BOCEMb JJICKTPOHOB:

S* — 8¢ — S°".

B nanHOM mpoliecce aToM cephl SIBJISIETCS BOCCTAHOBUTEIIEM.

Xop MOHU3WI cTeneHb okucieHus ¢ 0 mo -1, mpuHUMasl JBa DJIEKTPOHA
(OCKOJIbKY aTOMOB J1BQ):

CL’+2e —2Cl .

ATOMBI XJIopa BbICTYIIAOT B POJIM OKHUCJIIATCIIA.
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[Tpumensist METO/T AIIEKTPOHHO-UOHHOTO Oananca, COCTaBJIsIEM
COOTBETCTBYIOIIME TMoiypeakuuu. [Ipum cocTaBneHHMM YypaBHEHHUS MOJIypeakluu
OKHCJICHHs cepbl ucxoauM u3 cxemsl: H,S—SO,”. CepoBOMOpO 3alMChIBAEM B
MOJICKYJISIPHOM BHUJIE, TIOCKOJIbKY 9TO COCIUHEHUE SIBIISETCS CIa0BIM AIICKTPOIHUTOM.
CepHast KMCIIOTa — CHJIBHBIN 3JIEKTPOJIMT, MPU JUCCOLMALNNA KOTOPOIO B PacTBOPE
o6pasyrores annonbl SO, .

B xone mpoiiecca aToM cepbl CBSI3BIBAETCS C YETHIPbMsI aTOMaMU KHCIIOpO/a,
MCTOYHUKAMHU KOTOPBIX SIBIISIOTCSI YeThIpe MOJIEKyNbl Boasl. [Ipu sToM obpasyrorcs
BOCEMb MOHOB BoAopoaa. Ele 1Ba MoHa BOJOPOJa BHICBOOOMXKAAIOTCS M3 MOJEKYIIbI
CepOBOAOPOA.

H,S + 4H,0 — 8¢” — SO,” + 10H.

3anuchiBacM JB€ TMOJIYYECHHBIC TMOJNyPEaKIMH, YKa3blBaeM OKHUCIUTEIb U
BOCCTAHOBUTEIb W YpPaBHMBAEM KOJMYECTBO JJIEKTPOHOB, OTIAHHBIX CEPOH U
HNPUHATHIX XJIOPOM:

CL’+ 2 e — 2CI° 2 " 4  BoccTaHOBJICHHE
H,S + 4H,0 — 8¢ — SO, + 10H" | 8 1  Oxwucienue
4CL,° + H,S + 4H,0 — 8CIl'+ SO, + 10H"
[Tonyuennbie K03 OUITUEHTHI paCCTaBIISIEM B CXEME PEaKIINU:
H,S + 4Cl, + 4H,0 — H,S0, + 8HCI.
I[aHHaH pCaknusd OTHOCHUTCA K PCAKOUAM MCKMOJICKYJLIPHOTO OKHCIICHHA-
BOCCTAHOBJICHU, IIOCKOJIBKY JJICMCHT-OKHUCIUTCIIb W 3JICMCHT-BOCCTAHOBUTCIIb
BXOIOAT B COCTAaB MOJ'IeKYJ'I paSHBIX XUMHUYCCKUX COGI[I/IHGHPIfI.

2. PaccunteiBaem MOJIIPHYIO Maccy XUMHUYECCKOI'O 3KBHUBAJICHTA

(?KBUBAJICHTHYIO MACCY) OKUCITUTEIIS:
Mokmcr)
m_(oxucn) = —
7€ Ms — MOJIIPHAs Macca XMMHUYECKOT0 SKBUBAJIEHTA (IKBUBAJICHTHAS Macca),
I/MOJIb;
M(okuciT) — MOJISIpHAst Macca OKUCIIUTES, I/MOJIb;
N — YHUCIIO 3JICKTPOHOB, YYACTBYIONIUX B IOJYpPEaKIMH, MPUHATHIX | MOJb

OKHUCIIUTCIIA.
M(cl,) 71

m,(Cl,) = — =5 = 35,5(r/mMonwL)

AHaJIOTUYHO pacCcUnTbIBACM MOJIIPHYIO MACCY SKBHUBAJICHTA BOCCTAHOBUTCIIA:

M M(H, 5 34
m_(BoceT) = socer) _ = ) = == 4,25(r/mMoas),
(]
raic n — 4YHCIO OJJCKTPOHOB, OTAAHHBIX 1 MOJIb BOCCTAHOBHUTCIISI B
IOy PEAKIIMH.

3. UToOBI caemaTh BBIBOJ O BO3MOYKHOCTH TIPOTEKAHUS PEAKIIMU B YKa3aHHOM
HaIlpaBJICHUH, HEOOXOIUMO pPACCUYMTATh BEIMYMHY €€ DJICKTPOJBIIKYIICH CHJIBI
cuctemsl DJIC.
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B peakuuu yd4acTBYIOT JIB€ D3JIEKTpOXMMHYECKHE cucTteMbl. [lonp3ysich
JaHHBIMU TaOmuubl 2 [lpunoxeHus, 3amMiieM 3HAYE€HUS UX CTaHIAPTHBIX
MOTEHIUAJIOB:

CL’+2¢ —2CI ¢’=1,36 B;
H,S + 4H,0 — 8¢” — SO,> + 10H" ¢’=0,31 B.

O Creaximn= (POOK-JI}I - (POBOCC-M =1,36 - 0,31 = 1,05 B.

Bemnuuna crangaptHon OJIC peakuum Oosbmie Hyna. Peakuusa Oyner
POTEKaTh B paCCMAaTPUBAEMOM HaIlpaBJICHUHU.

2.2.9 Koppo3ust metasioB (3ananus 161-180)

Koppo3uss —  caMompom3BONBHO  MpOTEKaromee  (HU3UKO-XUMHUIECKOES
B3aMMO/ICHCTBUE METAJJIA CO CPEIOi, B Pe3yIbTaTe KOTOPOTO U3MEHSIIOTCS CBOMCTBA
MeTaJljla MW yXyAmaroTcs ero (QyHKIUMOHaJIbHbIE XapakTepuctuku. Cpena,
BBI3BIBAIOIIAS pa3pyIICHUE METAJLJIa, HA3bIBAETCA KOPPO3UOHHOM Cpeaoil.

[To MexaHu3My mpolecca pazindyaroT XUMHUYECKYI0 U DJICKTPOXHUMHUYECKYIO
Koppo3uro. XHUMHUYECKasi, U JJICKTPOXMUMHUYECKAs KOPPO3UM OTHOCATCS K
TE€TEPOTreHHBIM OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIM TIpOlieccaM, MPOTEKAIOIMIMM Ha
MMOBEPXHOCTH paznena (a3 «MmeTaul — KOppo3WoHHas cpema». Ilpu stom
pazpyiiaeMblii METAJLT SIBJISIETCS BOCCTAHOBUTEJIEM, B3aUMOJICHCTBYSI C OKUCIIUTEIIEM
KOPPO3UOHHOU CPELBI.

Camplil pacipOCTpaHEHHBI BAPUAHT KOPPO3UM - KOPPO3Hs, MPOTEKAOWIAs 110
AJIEKTPOXUMHUUYECKOMY MEXaHU3My. B 3ToM ciy4ae mpolecc COMpOBOXKAACTCA
BO3HUKHOBEHHUEM DJJICKTPUUECKOTO TOKa W TIIPOTEKaeT B Cpelax C Xopouen
MPOBOJIUMOCTHIO. [IpHuMHaMyU BO3HMKHOBEHHUS JJIEKTPOXUMHYECKOM KOPPO3UHU
SBJISIIOTCSL  pa3jUYHbIE BHUILI HEOJHOPOJHOCTH KakK CaMoro Meraiuia, TaKk |
KOPPO3UOHHOM Cpefibl (3arps3HEHUs], TPUMECH, Pa3IMYHbIA YPOBEHh MEXaHUUECKUX
HaINpsoKeHUH U ap.). B pesynbpTaTe Bes MOBEPXHOCTh METallIa, CONPUKACAIOMIASCS C
MIPOBOISIIIIEH KOPPO3UOHHOM CPEOH, pa3aessieTCsl Ha KaTOJIHbIE M aHOJIHbIE YYaCTKH,
KOTOpPhIE HMEIOT MaJlble pa3Mepbl W YEpeayrTcs ApYyr ¢ JApyroMm, oOpasys
MUKPOTaJIbBAHUYECKHUE DJIEMEHTHI.

MexaHn3M  DJIEKTPOXMMHUYECKOM  KOPPO3WMM  aHAJOTHYEH  IPOLECCaM,
MPOTEKAIONIUM B JJICKTPOXMMHYECKMX cHUCTeMax. Ha aHOAHBIX ydacTkKax MeTayll
OTAAET AJICKTPOHBI (AHOAHO PACTBOPSIETCS) U IEPEXOAUT B paCTBOP B BUJI€ KATUOHOB.
OcraBmivecss 3JEKTPOHBI MEPEXOJAT B KaTOJIHYIO 30HY. UTOOBI mporecc ObLI
HETPEPBIBHBIM, 3JIEKTPOHBI JOJIKHBI OTBOAUTHLCS C KATOAHOUN 30HBI. OHU OTBOJSATCS C
TOMOIIIBIO  BEIIECTB, KOTOpbI€  HA3bIBAIOT  JemojspuzatopamMu. B ponu
JENOISIPU3aTOPOB MOTYT BbICTYIATh yacTuilsl: H,O, H", O,

[Tponecc 3JIEKTPOXUMHUUECKOM KOPPO3UHM OIMHUCHIBAIOT ABYMS 3JIEKTPOJHBIMU
MOJIyPEAKIUAMU — AHOJHOW U KaTOIHOM.

Anoonwvte npoyeccol. Ha anose Bcerja nNpoucxoIUT OKUCIEHUE (pacTBOPEHNUE)
MeTaiIa 1o cxeme: Me = Me" + ne.
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Kamoonwvie npoueccor. Ha  xarome  NOpoHCXOAUT  BOCCTAaHOBJIEHUE
JETNOoIsIpU3aTopa.

B 3aBucumocTH OT peakuuu cpenpl, B KOTOPOM IPOTEKAET KOPPO3UOHHBIN
IpoLECC, U OT TOTO, Kakas 4acTula OyJeT CIyXHUTb ACTOJSIPU3aTOPOM, PA3IUYaAOT
IPOLECCHl  KOHTAKTHOW  3JIEKTPOXMMHMYECKOM KOPpPO3MM C  BOAOPOJHOM H
KUCJIOPOAHOM JIETIOJSPU3aLUEH.

Ha xarome BO3MOXHO MPOTEKAaHWE OJHOW U3 TEPEUMCICHHBIX HIXKE
nosypeakiui (Tadbnuima3l):

Tabiamnuna 3
IIpouecchl npoTekaUue HA KATOIE
HevirpanbHas 0,+2H,0+4e = 40H Kucnoponnas
a’pUpoOBaHHas cpena JIETIOSIPU3ALIMS
Kucnas aspuposannas | O, +4H' +4e = 2H,0
cpena
HevirpanbHas 2H,0+2e¢ = H,+20H Bonoponnas
Jea’pUpOBaHHAs cpea JENoJIIpU3aIus
Kucnas 2H +2e =H,
Jiea’dpUpOBaHHAas cpeaa

Ipumep 1.

Ha cTtasibHY!0 METaJUIOKOHCTPYKLMIO HAaHECEHO MEIHOE MOKPBITHE. YKaKUTE
TUI TOKPBITUSA. ONUIIUTE MPOLECCHl, KOTOpble OyIyT MNPOTEKAThb NPH HAPYIICHUH
LEJTOCTHOCTH ATOTO NOKPBITUS B KUCIOW U HEUTPAIBHOM CpeJie.

Pemenne:

OCHOBHBIM KOMIIOHEHTOM CTalM sBisieTcs »kene3o. CopepxkaHue Apyrux
COCTABJISIIOLIMX CTajb KOMIIOHEHTOB HACTOJIBKO HEBEIMKO, YTO MBI MOYKEM
MpeHeOpeyb UX BIUSIHUEM Ha KOPPO3UOHHBIN MpoIiecc.

UToObl ONpenenanuTh TUIl T'albBAHOMOKPBITHS, HEOOXOAUMO BOCHOJIb30BATHCS
JaHHBIMU TaOJIHUIIBI CTAHIAPTHBIX AIEKTPOJHBIX TOTEHIIUAJIOB:

0 ke’ re = 0,44 B;
0" &'l = 0,34 B.

Hockombky @'y’ ce>@ Fe Fe MOXEM CHENATh BBIBOJ, YTO MeIb IO
OTHOUIEHUIO K jKelle3y sBJgeTcsl KaroAoM. COOTBETCTBEHHO MEIHOE MOKPHITUE Ha
CTaJIbHOM M37enuu Oyaer karoaHoro tumna. [Ipu HapyleHuM LEeTOCTHOCTH TaKOro
MOKPBITUS HAUMHAET paboTaTh ranpBanndeckuii anemeHT Fe — Cu, rae xxene3o Oyaer
CIIy’KUTh aHOJIOM, & MeJlb — KaTooM. MeXaHu3M KOPpPO3UU — ANEKTPOXUMUUYECKUIA:
KEJIe30 aHOJHO pacTBoOpsieTcsl (KOppO3UpPYyeT), a Ha TOBEPXHOCTH Meau Oyner
BOCCTaHABIIMBATBbCS 4YacTUlla Jenojspu3aropa. B Kkucioil cpene B KayecTBe
Jlenonspu3aTopa uMeeM KaTHoHbl H':

kucnas cpena  Cu (+) K: 2H + 2¢ = Hy;
Fe (-) A: Fe=Fe*' + 2¢.
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B HeliTpanpHOW cpene ACTONSPU3ATOPAMH  CIY>KAaT MOJICKYJbI  BOJIBI
(measpupoBaHHas cpena) WM, TMOMHUMO HHUX, €€ W MOJIEKYJBl KHCJIOpOoa
(adpupoBaHHas cpena):

HEWTpasbHas Cu (+) K: 2H,0+ 2¢" = H,+ 20H;
neaspupoBanHas cpega Fe (-) A: Fe =Fe® +2¢;

HEWUTpaJIbHAs
aspupoBanHas cpena  Cu (+) K: O,+ 2H,0+ 4e” = 40H;
Fe (-) A: Fe=Fe*" + 2¢.

Ipumep 2.

Ckrnenanbl JBa MeTauia. YKaXKHUTEe, KaKol U3 METaUIOB MOABEpPraeTcs
Koppo3uu: a) Mn / Al ; 6) Sn/Bi.

Pemenne:

a) Al B psAxy HanpsoKeHUM HaXOAWTCS TIepel MapraHieM W HMEET
OTpHUIIATEIbHOE 3HAYCHUE CTaHJAAPTHOTO AJIEKTPOJIHOTO MOTEHIIMAA, TT03TOMY MpU
KOHTAaKTe 3THUX ABYX MeTayuioB Al Oyzaer anogom, a Mn — katogoM. OKHCIIATHCH, T. €.
MTO/IBEPTaThCS KOPPO3UHU OYACT ATFOMUHUH.

6) B aToM citydae Koppo3upoBath OyAET OJIOBO, T. K. B PSY HAPSDKEHUN OHO
PacCIoJIOKEHO BMEpPEIr BUCMYTa U, CIIEIOBATEIbHO, SBISAETCS SJICKTPOXUMHUYECKH
00Jiee aKTUBHBIM.

Otger: Al, Sn.

Ipumep 3.

Kaxue 13 HuxKenepeuncaeHHbIX METAJIJIOB OYyT BBIMOJIHSATH JJIsl CBUHIIA POJIb
aHosHoro nokpeitusi:Pt, Mg, Cu, Hg ?

Pemenne:

AHOAHOE TIOKpHITUE — O3TO HAHECEHHWE Ha 3allMIIAeMOE  U3JEeIHe
AIEKTPOXUMHUYECKA O0Jiee aKTUBHOTO MeTaia. M3 MepedyuclIeHHBIX MEeTaioB
OOJIBITIEH ANMEKTPOXUMUYECKON aKTUBHOCTHIO (110 CPAaBHEHMIO CO CBHHIIOM) 00J1aiaeT
MarHui.

OtBet: Mg.

Ipumep 4.

Kakve u3 HWXKENEepeuncIeHHBIX METAJUIOB BBIMOJHSIOT JJIi CBUHIIA POJIb
KaTogHOTO MOKpbhITUs: T1, Mn, Ag, Cr?

Pemenue:

Karognoe mokpeiTHE — 9STO HAaHECEHHE Ha 3allUIIAeMOe U3JeiHe
AIICKTPOXUMHUYCCKA MEHEE aKTHBHOTO MeTauia. V3 mepeyucieHHBIX MeTalioB
ANMEKTPOXUMUYECKA MEHEE AaKTUBHBIM (IO CPaBHEHUIO CO CBUHIIOM) SIBIISETCS
cepedpo (CM. P HAIIPSHKEHUH METAIIOB).

OtBer: Ag.
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IIpumep 5.

VYkaxxuTe NpoAyKT KOPPO3UH MpH KOHTaKTe Zn — Ni B HEUTpaIbHON U KUCION
cpene (HCI).

Pemenne:

IIpn KOHTaKTe IBYX METAJUIOB PAa3JIMYHOM IIEKTPOXUMHUYECKON AKTUBHOCTH
BO3HUKACT TaJIbBAHUYECKUM DJIEMEHT. B HEUTpanbHOU Cpelle ero cxeMa BBITJISIUT
CIEAYIOIIMM 00pa3oMm:

A (=) Zn| H,0, O, | Ni(+) K.

B kucinoii cpene:

A (-)Zn|HCI| N1 (+) K.

Tak Kak UIUHK DSJIEKTPOXMMHUYECKH OoJjiee aKTHUBEH, YeM HHKeIb (psif
CTaHJAPTHBIX OJEKTPOAHBIX TMOTEHIMAIOB METAJIOB), OH OyJIeT OKHCIATHCA
(xoppo3upoBaTh). Ha HuKene OyaeTr mpoTekaTb BOCCTAHOBUTENBHBIN Ipouecc (B
HEUTpaJIbHOU CpeJie — KUCIOPOAHAs ACTIOSPU3ALINS):

A(-): Zn—-2¢ = Zn*";

K (+): 2H,0 + O, +4e" =40H".

[Iponykt kopposuu — Zn(OH),.

B kucnoii cpene (BonopoaHas Aenoaspu3arius):

A (-): Zn-2¢e =Zn*";

K (+): 2H" + 2¢" = H,.

[Iponykt koppo3un - ZnCl,.

2.2.10 Daexrpoan3 (3amanus 181-200)

OKUCIUTETHLHO-BOCCTAHOBUTEIHHBIC MIPOIIECCHI, MPOTEKAIOIIUE noj
NEeUCTBUEM TOCTOSSHHOTO JJIEKTPUUECKOTO TOKa Ha JJIEKTPOAaX, MOTPYKEHHBIX B
PacTBOP WJIM PACIUIAB AJIEKTPOJIUTA, HA3BIBAIOT JICKTPOJIU3OM.

B snektponuze cinegyer paznuuarh ABa NapajuielbHBIX MPOLECCA: HAa KAaToJe
MIPOUCXOJIUT TPUEM BJIEKTPOHOB HMOHAMH, T. €. HUX BOCCTAaHOBJIEHHE, HA aAHOJE
MIPOUCXOJIUT OTJa4a JICKTPOHOB HOHAMH, T. €. UX OKHCJICHUE.

DJIeKTPOJIU3 PACIIIABOB JJIEKTPOJIUTOB (aHO]] MHEPTHBIN)

Ipumep 1.

B pacnnaBe ionuma kanus OpU TMPOXOKIACHUUM YEpPE3 HEro IMOCTOSHHOTO
ANEKTPUUYECKOTO TOKA MPOTEKAOT CIAEAYIOIIUE MPOIIECCHI:

1. B pacnuiaBe oana Kanvs pacnaaeTcsi Ha HOHbI:

KI < K'+T.

2. Tlom nelcTBUEM TOCTOSHHOTO OJJIEKTPUYECKOTO TOKAa KATHOHBI OyIyT
MEePEIBUTaThCsl K KATOAY U MPUHUMATh JJIEKTPOHBI, @ AHUOHBI — K aHOJly U OT/IaBaTh
AJIEKTPOHBI:

Katon (-)K:K'+ e — K (BoccTaHOBNEHHE);

AHop (+) A: 21 —2e — I, (okucneHnue).
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3. CymmupyeMm ypaBHEHHUSI MPOILIECCOB, MPOTEKAIOMMX Ha 3nekTponax. [lpu
ATOM HEOOXOJIMMO YYHUTHIBATH, YTO YHCIIO JICKTPOHOB, OTJAAHHBIX BOCCTAHOBUTEIIEM,
JIOJKHO PaBHSITHCS YUCITY SJIEKTPOHOB, MPUHSITHIX OKUCIUTEIIEM.

Katon (-)K: K'+e — K | 2;

Anon (H)A: 21 2e — I, | I;

2K+ 21— 2K + L.

4. IlepenuieM ypaBHEHHE B MOJICKYJISIPHOM BUJIE:

2KI — 2K+ 1,.

DJIeKTPOJIN3 BOAHBIX PACTBOPOB AJIEKTPOJUTOB

[Ipu snexkTponmM3e BOIHBIX PACTBOPOB AJIEKTPOIUTOB KAaTOIHBIE M aHOJHBIC
MPOIIECCHI MPOTEKAIOT CIOXKHEE, TaK KaK B HUX MPUHUMAIOT Y4acTHE BOJA U HMOHBI
BO/IbI, KOTOPbIE BOCCTAHABIMBAIOTCA Ha KATOJE:

2H,O0 +2e=H,+20H

Y OKUCIIAIOTCA Ha aHOJIE:

2H,0 —4e =0, +4H".

Jlns onpeneneHus MOpsAKa MPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX
MPOIIECCOB Ha JJIEKTPOJAX MPU DJICKTPOJU3E BOJHBIX PACTBOPOB HJIEKTPOJMUTOB
MOKHO PYKOBOJICTBOBATHCS CIICIYIOIIUMU IIPaBUIIaMHU.

JI71s1 mpolieccoB Ha KaToJie

1. B mepByro ouepellb BOCCTAHABIMBAIOTCS KATHOHBI METAJIOB, OO0JaJarolInX
OOJIBIIUM  DJIEKTPOAHBIM TMOTEHIUAJIIOM, Ye€M Yy BOJOpPOJa, B TOPSAKE
yMeHbIIeHHs cTannapTHoro norernuana (E°). (-)K: Cu*™+2e — Cu’.

2. KaTtnoHbl METaIIOB ¢ MAJICHHKUM 3HAYEHHUEM CTAaHJIapTHOTO MOTEeHIHaia (OT
Li"/Li u mo AI’'/Al BKIIOYMTENBHO) HE BOCCTAHABIMBAIOTCS HA KATOAC, a
BMECTO HMX BOCCTaHAaBJIMBAIOTCSI MOJICKYJIbI BOJbI (B KUCJION Cpele — HOHBI
Bogopona H).

(-) K: 2H,0 +2e— H, + 20H .

3. Karuonsl MeTamioB, uMeroIux MeHpmmi E°, uem y Bomopoaa, HO GONbLINI,
YeM y aJIIOMUHMS, BOCCTAHABIMBAIOTCS OJHOBPEMEHHO C MOJIEKYJIaMHU BOJIbI
(-)K:2H,0 +2e— H, + 20H ;

Mn*" + 2e — Mn°.

JIns1 mporieccoB Ha aHOZE

XapakTep OKHCIUTEIBHBIX TPOIECCOB HA aHOAE 3aBUCHUT OT MaTepualia
ANEKTPO0B. Pa3nnuaioT HepacTBOpUMBbIE (MHEPTHBIE) U PACTBOPUMBIE (AKTUBHBIC)
AIEKTPOJIBI.

[Ipu ucnosb30BaHUM HHEPTHBIX YJIEKTPOJIOB:

1 B nepByro odepes OKHUCIISIOTCS TIPOCTBIE aHHOHBI B TIOPSAKE Bo3pacTaHust ux E°,

He npeBbimarnmx +1,5 B

(S, T, Br,Cl):

() A: S© —2e=8.
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2 Tlpm AIEKTPOIIU3E BOJIHBIX pacTBOPOB, COJEepIKAIINX AHUOHBI
KHUCJIOPOACOIEPKALIUX KUCIOT (C0327, NO; , NO, , SO427, SO327, PO, u Ip.),
Ha aHOJIE OKUCIIAIOTCSA HE 3TH UOHBI, @ MOJICKYJIbI BOJIBI:

(+) A: 2H,0 —4e =0, + 4H".

3 B menodHbIX pacTBOpax Ha aHO/E OKUCIAIOTCS Tupokcua-uonsl (OH ):
40H —4e =0, + 2H,0.

IHpumep 1.

CocTaBUTh ypaBHEHHUE 3JIEKTPOJIM3a BOJHOIO pacTBOpa Hoauja Kamus (aHo.
WHEPTHBIN).

Pemenue:

B pacrnnase noaua kanus pacrnagaeTcs Ha UOHBIL:

Kl K'+T1.

[Tox neficTBrEeM TOKa MOHBI oA OYAyT MEepEABUTATHCS K aHOLY U OKUCIISTHCS:

AHop - (H)A: 21 —2e=1,.

Nonbl kanust OyAyT HaKalyMBaThCs y KaTo/Ja, OJIHAKO BOCCTAHABIMBATHCS
OyleT BOJa, TaKk KaK Kalluid B AJIEKTPOXUMHUYECKOM Psly aKTUBHOCTEH METaslIOB
CTOMT /IO aTIOMUHUSA:

Karon - (-) K: 2H,O +2e=H, + 20H .

CyMmMupyst ypaBHEHHUS MPOIIECCOB, MPOTEKAIOIIUX Ha DJIEKTPOIaAX:

Anoz - (H)A: 21 —2e=1, | 1;

Karox - (-)K: 2H,0 +2e =H, + 20H | |

21 +2H,0 —- I, + H, + 20H .

3alMChIBAEM MOHHOE YPABHEHHUE: 2K 21 +2H,0 — I, + Hy+ 2K + 20H .

[lepenuceiBaeM ypaBHEHHE B MOJIEKYIISIpHOU (hopme:

2KI + 2H,O — I, + H,+ 2KOH.

Ipumep 2.

CocraBUTh ypaBHEHHE DJIEKTPOJIM3a BOJHOTO pacTBOpa HUTpaTa cepedpa
(AgNOs3) ¢ H”HEPTHBIM aHOJIOM.

Pemenue:

[Ipu pacTBOpEeHUHU B BOJIE HUTPAT cepeldpa pacnagaeTcs Ha HOHBI:

AgNO; Ag' +NO5 .

[Tpu snekTpoan3e BOAHBIX PACTBOPOB COJIEN KHCIOPOACOIEPHKAIIUX KUCIOT Ha
aHojie Oy/IeT OKUCIIATHCS BOJA:

() A: 2H,0 —4e =0, + 4H".

Nownsl cepedbpa OynyT nepeMenarbest K KaToAy U BOCCTaHABIUBATHCS:

() K: Ag' + le=Ag.

CymMupyem ypaBHEHUS MPOIIECCOB, MPOTEKAIONTUX HA JIEKTPOIaX:

(H) A: 2H,0 —4e =0, +4H" | 1;

(-)K: Ag' + le = Ag. |4

2H,0 +4 Ag'— O, +4H" + 4Ag.

3anuchiBaeM ypaBHEHHUE B MMOJTHOW MOHHOU (popme:
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2H,0+4 Ag' +4NO; — O, +4H" + 4Ag+4 NO; .

[lepenucriBaeM ypaBHEHHE B MOJIEKYISIPHOU (hopme:

2H,0 + 4AgNO; — O, + 4Ag + 4HNO:.

Ipumep 3.

Yepes pactBop cynbdara Hatpus Na,SO, mpomycTwid ToK cuiiol 2,5 A B
teuenue 30 muHyT. Hanucarb ypaBHEHUS 3JIEKTPOAHBIX MPOLECCOB, MPOUCXOIAIINX
IpU BJEKTpoJin3e (MHEPTHBIM aHOA) W YKa3aTh, KakUMe€ MNPOAYKTHI U B KaKOM
KOJIMYECTBE ObUTH MOTYUYEHBI.

Pemenue:

1. OnuceiBaeM 3J€KTPOIHBIE TPOLIECCHI.

Kamoo. Ha »TomM »ieKTpo/ie OCYIIECTBISETCS MPOLECC BOCCTAHOBIICHHUS.
Karon npu a51eKTponnse 3apsyKeH OTPULIATENbHO, IO3TOMY IPY HAJIOKEHUH Pa3HULIbI
TIOTEHIMANOB B IIPOCTPAHCTBO y KaToda OyayT MOCTYIaTh KATHOHBI HaTpus Na',
MMOMUMO HHMX TaM OYJyT MPUCYTCTBOBATH MOJIEKYJIbI PACTBOPUTEIISI — BOIBI.

Ecnu cucrema, B KOTOPOW HPOBOJAT 3JEKTPOJIN3, COAECPKHUT HECKOJIBKO
OKHUCJIHUTENEeH, Ha Karoje OyJeT BOCCTaHaBIMBATHCA TOT, Y KOTOPOIrO 3HAYECHHE
ANEKTPOJHOr0 MOTEHLIHAJA OOJIBIIE.

Bocnonp3oBaBmiuch  gaHHbIMM  TaOmuiel S [lpunoskenusi, cpaBHUM
AJIEKTPOIHBIE OTEHINAIIBI BO3MOKHBIX OKUCIIUTEIIEH:

Na"+e¢ =Na ¢’=-2,71B;

2H,0+2¢ =H, +20H ¢’=-0,41B.

[loTeHman mEpBOMl CHUCTEMBl 3HAYMTEIBHO OTPHULATENIbHEE NOTEHIMAIIA
BTOPOH, MOATOMY Ha KaTojie OyAeT MPOUCXOJUTh BOCCTAHOBJIIEHHE MOJIEKYJ BOJBI C
oOpazoBanuemM Bojopoza. [Tomumo 3Toro, oOpa3zoBaBIIvecs THAPOKCU-UOHBI OYTyT
aCCOILIMMPOBATHCS C HAKOMMUBIIMMHUCS B TPOCTPAHCTBE y KATO/a KATUOHAMHM HATPUSI.

Anoo. Ha 3TOM 3JIEKTpOJIE UIIET MPOLIECC OKUCIECHUS. AHO ITPU IIIEKTPOJIN3E
3apsiKeH MOJIOKUTEIBHO, IOATOMY B XOJ€ Mpolecca B MPOCTPAHCTBO y aHoJa OyIyT
mocTymath cyiabdar-uonst SO, , MOMHMO HHX TaM OyayT MPHCYTCTBOBATBH
MOJIEKYJIbI PACTBOPUTEISI — BOJBI.

Ha aHone okucnsercs TOT W3 BOCCTAaHOBHUTEINIEH, CTaHIAPTHBIN 3JIEKTPOIHBIN
ITOTEHIHAJI KOTOPOTO HAUMEHBIIN .

CpaBHMM  DJIEKTPOAHBIE NOTEHLHAJIBI, KOTOPBIE XapaKTEPU3YIOT JIBE
paccMaTpUBaEMbIE CUCTEMBI:

2H,0 =0, 1+4H" +4¢” ¢"=1,23 B;

280,77 =8S,04" +2¢  ¢"=2,01 B.

Hcxons U3 3TUX 3HAYEHM, 1eT1aeM BBIBOJI, UTO HA aHOJE OyIeT MPOUCXOIUTh
OKHCJIEHHE BOJBI ¢ oOpa3oBaHueM Kuciopoaa. Obpasyromiiecs: IpoTOHBI BOJOPOIA
OyAyT accOIMMpPOBATHCS C HAKOMMBIIMMUCSA B MPOCTPAHCTBE Yy aHoja cyibdat-
MOHAMU.

Takum 00pa3zoM, MPOIECCHl, MPOTEKAIOIINE HA JIEKTPOAaX MpPH AJIEKTPOIU3E
pacTBopa cynbdaTa HaTpusi, OyyT OMHUCHIBATHCS CICTYIONIMMHU YPAaBHCHHUSIMU:

45



(-)K:2H,0+2 e =H, 1+ 20H" 2
() A: 2H,0 =0, 1+ 4H" + 4¢’ 1
6 H,O=2H, 1 +0, 1 +40H +4H"
3anuceIBaeM CYMMApPHOC YPAaBHCHHUC 3JICKTPOJIN3a:
4Na'+2S0,” + 6 H,O=2H, 1 + O, 1 + 4Na" + 40H + 4H" + 2S0,"".
2. KommyectBeHHOE omnmcaHue nmponecca JJICKTPOJIM3a BBIIMOJIHACM C
HCIIOJIB30BAHHUCM MATCMATHUYCCKOI'O BBIPAKCHUA 3AKOHA @apaae}li

2-I-t V-t
m=—HWmV =-""—,
F F

rie m 1 V - macca U 00beM 0Opa3oBaBLIETOCs WM IOJBEPTILErOCs
MIPEBPAILICHHIO BEILIECTBA, I U JI; My U V, — S3KBUBAJIEHTHAs Macca U SKBUBAJICHTHBIN
00BbEM 3TOrO BeIIeCTBa, I/MOJIb, J/MOJb; | — cuna Toka mpu snekTponuse, A; t —
BpeMs 3JIEKTpoJn3a, ¢; F — nocrosunas ®apaznes, 96500 Kn/moinp nnum 26,8 A-u.

OCHOBHBIMM TIPOJYKTaMH 3JIEKTPOJIM3a SBISIOTCS KHCIOPOJ U BOAOPON,
OTIpeEeTUM 00BbEMBI TIOJYUYEHHBIX Ta30B.

V.(H,) - 1-t 11,2-2,5-0,5
V(H,)="—"——={V.(H,) =11,2 = =0,52
() =) a/monn} = —— ©
V.(0,)-I-t 56-25-0,5
v(o,) = % ={1.(0,) =56n/Mons} = s - 0,26(n)

Otser: V(H,) = 0,52(n); V(0;) =0,26(xn),

2.2.11. T'anbBaHu4eckue deMeHThI (3aganus 201-220)

IlepBoe Hauyano TEPMOAUMHAMHKUA OTPAKAET 3aKOH COXPAHEHUS SHEPIrUd W
COpaBeVIUBO JUIsl BCEX IMPOLIECCOB, B TOM YHCIE€ W IS Mpolecca MNepexona
XUMUYECKOM SHEPrUM B  DJIEKTPUYECKYIO. OTOT TPOLIECC pealn3yercs B
rajbBaHUYECKUX DJIIEMEHTAX.

[Ipy KOHTaKTE METANIMYECKOM TMOBEPXHOCTH C pPaCTBOPOM DIIEKTPOJIATA
BO3HHMKAET CKA4yOK TOTEHIMAlla Ha TpaHuie pasnena (a3. DTOT MOTEHIUAT
xapaktepuzyetr Benuuuny OJIC (snextpoaBuxkyiyo cuiy). 3Has OJC, MOXKHO
ONpeeNIUTh PabOTy raJbBAHUYECKOTO AJIEMEHTA U YSICHUTh IPUYMHY KOPPO3HUOHHBIX
IIPOLIECCOB.

B3auMHoe mpeBpanieHue SIEKTPUYECKON M XHUMHYECKOW (OopM dSHEpruu
MIPOUCXOJIUT B DJIIEKTPOXUMHUUECKUX CUCTEMAX, COCTOSIIINX H3:

— TIPOBOJHHUKOB IIEPBOTO poOJia — BEIIECTB, OO0JAAIOMIUX AICKTPOHHOMN
MIPOBOAUMOCTBIO M HAXOISAIIUXCSA B KOHTAKTE C DJICKTPOJIUTOM - METAJLIIBI;
— TPOBOJHHMKOB BTOPOTrO poJa — BEHmIeCTB, OOJagalomMuX HOHHOMN

MIPOBOJIMMOCTBIO — DJICKTPOIUTHI.

Ha rpanune pasnena aByx ¢a3 (memann-pacmeop) TPOUCXOAUT TEPEHOC
AIIEKTPUYECKOTO 3apsifia, T. €. MPOTEKaeT DSJICKTPOXMMHUECKas PpEeakius, KOTopas
MIPUBOJNT K BOBHUKHOBEHHIO CKauKa IMOTEHIIHANA.
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[Ipn morpyxeHMH MeTajyla B PAcTBOP MPOUCXOAMUT MEPEXO0] KAaTHOHOB C
METaJUIMYECKOW IUIACTUHKM B PAacTBOp WJIM M3 PacTBOpa Ha METAJUIMYECKYIO
IJIACTUHKY.

[lepexon  3apsoKE€HHBIX  YacTHI[ 4Yepe3 TPaHUIy  «PACTBOP—METaILI»
COMPOBOXK/IAE€TCSI BOSHUKHOBEHUEM Ha TPaHUIIEC pa3jielia IBOMHOIO 3JIEKTPUUYECKOTO
cinost ([12C), xapakTepu3ylOlIUCs BO3HUKHOBEHHMEM CcKauka mnoreHnuana. J[IC
CO3JAETCsl DJEKTPUUYECKUMHU 3apsiamMH, HaxoIAIIMMHUCA Ha MeTajule, U HOHAMU
POTHBOIIOJIOKHOTO 3apsijia, OPUEHTUPOBAHHBIMHU B PACTBOpPE Y IOBEPXHOCTU
AIEKTPOJA.

[ToTeHumansl, TOrPy>KEHHBIE B PACTBOPHI COOCTBEHHBIX COJIEH, BOSHUKAOIINE
Ha METaJllax, Ha3bIBalOTCS PABHOBECHBIMU AJIEKTPOJHBIMU MOTEHUIUATIAMU ().

BenrunHa paBHOBECHOI'O 3JIEKTPOJHOIO MOTEHLHANA 3aBUCUT OT MPUPOIBI
AJIEKTPO/Ia, TEMIEPATYPhl U KOHLIEHTPALMU (AKTUBHOCTH) MOHOB METaJljla B pacCTBOpPE
U BeIpaxkaetcs ypaBHeHueM HepHcra:

=0 +=In[Me™ 1],

rae ¢° — BeIMYHMHA CTAHIAPTHOTO 3JIEKTPOIHOTO IMOTEHIHAA, M3MEPEHHOTO
mpu T =298 K B pacTBOpE COMM ATOTO K€ METAIIIA C KOHIIEHTPaUMEel HOHOB METAJlIa
Me", paBHoii 1 MOJIB/T;

R — yHuBepcambHas razoBas mnocrosHHas (8,314 Jbx/monsK); T -
TeMriepatypa B kenbBuHax (K);

N — YUCJIO JIEKTPOHOB, YYACTBYIOIIUX B JIEKTPOJHOM MPOLECCE;

F — noctosuHas ®apazes (96,485 Kn/mons); [Me™'] — KOHIIEHTpaInsl HOHOB
Me"" B pacTBOpE.

Ipu Temmeparype 25 °C u Muoxutene 2,303 11t mepexoia oT HATYpPAIbHBIX
Jgorapu(mMoB K JeCATUUHBIM ypaBHeHHe HepHcTa nmpumer BU:

¢ =00 + 2Zlg [Me" ].

['anpBaHWYECKUE DJIEMEHTHl OTHOCATCA K XUMHYECKMM  HCTOYHHKAM
AIEKTPUYECKOr0 TOKA M MO3BOJISIFOT MOJY4YaTh TOK 3a CUET NPOTEKAHUS XMMHUYECKOU
peakuuu. ["aIbBaHUYECKUI AIIEMEHT COCTOMT U3 JIBYX DJIEKTPOJAOB, Pa3IuYarOlINXCs
BEJIMYMHON (-MIOTEHUHATIOB. JDJEKTPOJl C HAUMEHbUUM 3HAYEHUEM (-TOTEHLMaa
ABIIIETCS AHOOOM, A IEKTPOJI C HAUOOIbUWUM 3HAUEHUEM TTOTEHIIMANA — KaTOJJOM.

B rajibBaHU4e€CKOM 3JIEMEHTE OKHCIIEHHE — OT/a4a 3JIEKTPOHOB — IMPOUCXOIUT
Ha aHo/ie (aHOJ MMEET 3HaK «-»), BOCCTAHOBJIEHUE — IPUOOPETEHHUE IIIEKTPOHOB — Ha
KaToJie (KaTo/l UMEET 3HAK «1»).

JJist rabBaHUYECKOTO AJIEMEHTA MPUHATA CAEAYIoMmast popMa 3armcu:

A(-) Zn | ZnSO4 || CuSO4 | Cu (H)K,

r7ic BepTHKajdbHAs JWHUA | 0003HadaeT rpaHuIly paszaena ¢a3, a JBOWHAS
BEpTUKaJbHAS JUHUS || — cojeBodM MOCTUK. ['anbBaHMUYECKUN SJIEMEHT MPHUHATO
3aMKUChIBaTh TaK, YTOOBI AHOJI HAXOIUJICS CJIEBA.
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HNCTOYHMKOM SJIEKTPUYECKOM SHEPTHU B DBJIEMEHTE CIIYKUT OKHUCIUTEIBHO-
BOCCTAHOBUTEIIbHAS PEAKISL:

Cu*" +Zn=Cu+Zn*".

Baxnenmen XapakTEpUCTUKOW  TallbBAHUYECKOTO  DJIEMEHTA  SIBIISIETCS
anexkmpoosuxcywas cuna (3C), kotopas onpeaensercs Kak npeieibHas pa3HOCTh
MOTCHITMAIOB, BO3HUKAIOIIAs Ha TpaHuWIe pasaena ¢a3 B Pa3OMKHYTOH Ienu
3JIEMEHTA.

E=px —oa.

IMpumep 1.

CocTaBUTh CXE€My TaJIbBAHMYECKOTO 3JIEMEHTA, aHOJIOM KOTOPOTO SIBJISETCS
MarHui, IOrpy>KEHHBIA B pacTBOp coiu ¢ KoHueHtpamuen 0,01 M.

Pemenue:

1. 3anuceiBaeM cxemy dJIEKTpoja: Mg|Mg2+

2. Tlo ypaBHenutro HepHcTa paccuUTBIBAEM BEJIMYMHY  DJIEKTPOIHOIO

IIOTCHII MAaJia:
0,059

(pZ(pOMg2+/Mg+?lg[Mg2+]=—2,37+O.059lg[0.01]=—2,43B.

3. MHUcnonp3ys cooTHomieHHe @ >¢,, BbIOMpaeM MeTaul C  Oojee
MOJIOKUTEIIbHBIM ~ TTOTEHIIUAJIOM, HalmpuMep, ILMUHKOBBIM S3JEKTPOJ. 3HAuYCHUE
MOTEHIIMAJIa BBIOPAHHOTO JJIEKTpoja ompexaenseM 1o Taomuie «CraHaapTHBIE
3JIEKTPOAHBIC TOTEHIIMAIBI METAIIJIOB MPH 25 °Cr.

CienoBaTtelibHO, (pO(Zn2+/Zn) =-—10,762 B.

4. 3anuchiBa€M CXeMy TaJIbBAHMYECKOTO JIEMEHTA:

A(-) MgMg*(|Zn2"|Zn (+)K.

5. 3anuchIBaeM 3JIEKTPOIHBIE PEAKIINU:

A(-) Mg — 2¢- — Mg™";

K(+) Zn*" + 2e- — Zn°

CymmapHas peakuus

: Mg” + Zn*" — Mg*" + Zn°

6.PaccuntsiBaeM D /[C ragbBaHMYECKOTO JIEMEHTA!

E=¢ —¢,=-0,762—(—2,37) =1,608 B.

2.2.12 KectkocTh BoabI (3aganus 221-240)

[Ipumecu, pacTBOpEHHBIC B BOJI€, OKa3bIBAIOT CYIIIECTBEHHOE BIIMSHHUE Ha €&
cBoiictBa. OHM BechMa HEOOXOMMMBI TSl )KMU3HU YEJIOBEKA, JKUBOTHBIX M PACTCHHUIA,
HO 4acCTO OKa3bIBAIOTCS OUEHb BPEIHBIMU MPU NIPUMEHEHUH BOJbI B TEXHUKE, TAK KaK
MpU  BBICOKOW TeMIiepaType o0O0pa3yroT IUIOTHBIA OCaJOK Ha CTEHKax KOTJIOB,
OCaXJAl0TCS Ha CTEHKaxX TpyO B CHUCTEMax BOJSHOTO OXJIAXICHHUS, UTO MPUBOJUT K
BBIXOJY ATHUX CHCTEM U3 CTpos. Ha mpeanpusTusx 1Mo MpOU3BOACTBY MPOIYKTOB
KUBOTHOTO TPOUCXOXKICHUS BOJA C BBICOKHM COJIEPKAHUEM JKECTKHUX COJIeH
MPUBOJIUT K YBEJIMUEHUIO PACX0/1a MOIOIIUX CPEJICTB.
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Ipumep 1.

Paccuntate wMmaccy Tterpabopatra Hatpus (Oypbl), HEOOXOAMMOTO  JIS
ymsiraernss 100 71 BOABI, KECTKOCTh KOTOpoW 5 MdKB/1. HammcaTh peaxiuio
YMSTUCHHSI B MOJICKYJISIPHOM U MOHHO-MOJEKYJISIpPHOU (opme C XJIOpUI0M MarHus
(>KecTKasi CoJib).

Pemenue:

XKecTkocTh TpUPOIHBIX BOJ OOYCIIOBICHA HAIWYHMEM B HEH PacTBOPUMBIX
coneit kampims (Ca™"), marams (Mg®) u xenesa (Fe™). Pasmuuaror cremyromiue
TUMBI  KECTKOCTH: OOINyl0, KapOOHATHYH (BPEMEHHYI0, YCTpaHUMYI) U
HEeKapOOHaTHYI0  (IIOCTOSIHHYIO, HEyCTpaHuMmyro). Bce  Tumel  KecTKoCTH
PaCCUYHMTHIBAIOT, MPUMEHSISI OJTHO M TO )K€ BBIPAKCHHE:

K =m(comu) / M5 ( xecTkoit comu) - V Boabl [MIKB/I].

IIpumep 2.

Paccuurate Maccy ymsruutens (Oypbl), Heooxoaumoro st ymsiraenus 100 i
BOJbI, JKECTKOCTb KOTOpOoMl S5 MakB/1. HamucaTe peakumio yMmsr4eHus B
MOJIEKYJIIPHON 1 HOHHO-MOJIEKYJISIPHOU OpMeE C XJIOPUIOM MarHusl.

Pemenue:

1. 2K = m (ymsruutens) /M, (ymsiraurens) -V BoJibI,

rjae XK — )KecTKOCTh BOJIbI, MIKB/II;

m — Macca yMSITYHATEIS, MT;

M5 — SKBUBaJICHTHAsI Macca yMITUNTENIS, T/MOJIb;

V — 00BeM BOJBL, II.

2. PaccuntbiBaeM SKBUBAJICHTHYIO MacCy YMSATYHUTEINS — OYpPBI:

m3(Na,B,0,) = ‘—“':“'f*“-‘},
rae M — mossipHast Mmacca Oyphl, T/MOJIb.

202
Ms(Na,B,0,) = 1o 101(r/monn)

3. U3 dopmynbl aiig pacdeTa )KECTKOCTH BOJBI BBIpAaKaeM M U PacCUUTHIBAEM
HEOOXOIMMYIO Maccy OyphI:
AM-Msa-1V  5-101-100

1000 - 1000

4. 3anuchIBaeM PEaKIuio YMIATUYCHHUS B MOJICKYJISIpHOM hopme:

MgCl, + Na,B,0; = Mg B,O; |+ 2 Na(l;

B HOHHOU (popmMme:

Mg”" + B,O;” = Mg B,0-].

Otget: m(Na,B40,) =50,5T.

OOGpaTHyto 3a7a4y — pacyueT )KECTKOCTH BObI IO MacCe YMSATYUTENS — PEIIaoT
C MCIOJIb30BaHUEM TOMU e (HOPMYIIBI.

IIpumep 3.

CkoJbKO TpaMMOB XJjopujaa Kalbliusg cojepkutrcs B 500 1 Boapl, eciu
KECTKOCTh, O0YCIIOBJICHHAS TPUCYTCTBUEM 3TOM COJIM, paBHA 4 MMOJIb?

m(Na,B,0,) =

= 50,5(r)
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Pemenne:

Momsipaas macca M(CaCl,) = 111r/mMonb, MonsipHas macca SKBUBAJCHTA
xyopuaa kabius M(CaCly) = M(CaCl,) / z; My(CaCly) =111 /2 =55,5 r/mMmomb.

B 500 11 BojpI C )KE€CTKOCTHIO, paBHOM 4 MMOJIB/J, COIEPKUTCS

n(CacCl,) =500 - 4 = 2000 mmons CaCl, nu

m(CaCl,) = 2000 - 55,5/ 1000 = 111 r xmopuaa KaabITus.

3. METOAUMYECKHE PEKOMEHIALIMH 110 ITPOBEJIEHUIO
IK3AMEHA

[IpomexxyTouHast aTrecTalysi TPOBOJUTCS B BHUAE HK3aMEHA, K KOTOPOMY
JOIYCKAIOTCS CTYJIEHTHI OCBOMBIIME JIEKIIMOHHBIN Kypc, 1a00paTOpHBIN MPaKTUKYM
U MMEIOLIMHI TOJOXKUTEIbHBIA pe3ybTaT MO KOHTPOJbHON padore. OCHOBOM aJis
ONpENEICHUS] OLICHKM Ha DHK3aMEHE CIY)XXUT YpPOBEHb YCBOCHHMS MaTepuaia,
MpeAyCMOTPEHHBIN paboyeil MporpaMMONu.

K sKk3aMeHy A0MyCKarOTCS CTYICHTHI:

- 3aIIUTUBIINE BCE JJaOOpaTOpHbIE paOOTHI U MOJYYUBIIUE IOMYCK;

- MOJYYUBIIME TOJOKUTEIbHYI0 OLIEHKY IIPU BBIIOJIHEHUU KOHTPOJIBHOW
paboTHI.

Kpurepuu oLieHKM YCTHOTO OTBETA HA 3K3aMEHAIIMOHHBIE BOIPOCHI.

«5» (OTJIM4YHO): O0ydJarouIUiCcs JEMOHCTPUPYET CUCTEMHBIE TECOPETHUECKHUE
3HAHMS, BIJIAZEET TEPMHUHOJIOTHEN, JellaeT apryMEHTUPOBAHHBIE BBIBOJABI U
000OIIeHNs,,  NPUBOAMT  TMPUMEPBI,  IOKA3bIBa€T  CBOOOAHOE  BIAJCHUE
MOHOJIOTMYECKOW PEYbI0 M CHOCOOHOCTh OBICTPO pearupoBaTh Ha YTOYHSIOIIWE
BOITPOCHI.

OOGyuaronuiics:

- Ha BBICOKOM YpOBHE CIOCOOEH OpraHum3oBaTh CBOIO paboTy paau
JOCTH)KEHHUSI MOCTABJICHHBIX LIEJIel; Ha BBICOKOM YPOBHE I'OTOB K HMCIOJIb30BAHUIO
WHHOBALIMOHHBIX UIEH;

- Ha BBICOKOM yYpOBHE CITOCOOEH paboTaTh CaMOCTOSTENbHO;

- Ha BBICOKOM YpPOBHE CIIOCOOEH K NO3HABaTENbHOM J1eATENbHOCTH;

- Ha BBICOKOM YpPOBHE CHOCOOEH MPUMEHSTh Ha MPAKTUKE HABBIKU MPOBEACHUS
Y ONMCAHUS UCCIIEIOBAHUI, B TOM YHCIIE IKCIIEPUMEHTAIbHBIX;

- Ha BBICOKOM YpOBHE cIOCOOE€H 00pabaThiBaTh MOJYYECHHbIE PE3YJIbTaThl,
MPEACTABIATh UX B BUJIE HAYYHOI'O JJOKJIa/1a, HAYYHOU CTaThU;

- Ha BBICOKOM YpOBHE CIOCOOCH NPUHHUMATh Y4yacTH€ B Hay4HO-
HCCIIEIOBATENbCKUX pa3paboTKax Mo MpO(UIII0 MOArOTOBKH: CHCTEMaTH3UPOBATH
uH(OpMaLMI0O TO TEME HCCIENIOBaHUW, MPUHUMATh YYacTHE B HKCIEPUMEHTaX,
00pabaThIBaTh MOTYUYEHHBIE JIAHHBIE;

- Ha BBICOKOM YpOBHE CHOCOOEH pemaTrh 3agaud MNpoPecCuOHAIbHON
JESATENBHOCTH B COCTABE HAYYHO-UCCIIEN0BATENBCKOTO KOJIJIEKTHBA.
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«4» (xopomio): oO0ydYarOMMIACS IEMOHCTPUPYET CUCTEMHBIE TEOPETUUYECKHE
3HAHWS, BIAJCET TEPMUHOJIOTHEH, JeNaeT apryMEHTUPOBAHHBIC BBIBOJBI W
000OIIeHNs,,  NPUBOAMT  TMPUMEPHI,  TOKa3blBa€T  CBOOOJHOE  BJIAJICHUE
MOHOJIOTUYECKON PEeUbl0, HO TIPU 3TOM JIEJIAE€T HECYIIECTBEHHBIE OMUOKHU, KOTOPhIE
OBICTPO HCHPABIISIET CAMOCTOSTEIBHO WJIM TPU HE3HAYUTENBHOW KOPPEKIUU
MpernoaaBaTeieM.

OOyuaromuiics:

- Ha 6a30BOM ypOBHE CIIOCOOEH OPraHU30BaTh CBOIO pabOTy pajyl JOCTUKEHUS
MOCTABJICHHBIX 1I€JIeii; Ha 0230BOM YpOBHE rOTOB K MCIOJIb30BAaHUIO MHHOBAIMOHHBIX
UaeH;

- Ha 0a30BOM ypOBHE CITIOCOOEH paboTaTh CAaMOCTOSITENBHO;

- Ha 6a30BOM ypOBHE CTIOCOOEH K MO3HABATEILHOM 1€ATEIbHOCTH;

- Ha 6a30BOM ypOBHE CIIOCOOEH NMPUMEHSTh HA MPAKTUKE HABBIKW MPOBEJCHUS
Y OMHCAHUS UCCIIEIOBAHUMN, B TOM YHCIIE IKCIIEPUMEHTAIbHBIX;

- Ha 0a30BOM ypoBHE cnoco0eH o0padaThiBaTh IOJIYYEHHBIE PpE3YJbTaThl,
MIPEICTABIIATHh UX B BUJIC HAYYHOTO JOKJIa/1a, HAYIHON CTaThH;

- Ha 0a30BOM YpOBHE CHOCOOEH NpPUHUMATh ydyacTUE€ B HAy4YHO-
MCCJIEIOBATENbCKUX pPa3paboTkax MO MPOQIIII0 MOATOTOBKHU: CHUCTEMATU3UPOBATH
uH(opMaIMI0O TIO TEeME HCCIENIOBaHUN, MPUHUMATh YYacTHUE€ B HKCIIEPUMEHTaX,
00pabaTbIBaTh MOTYYEHHBIE IAHHBIE;

- Ha 0a30BOM YpOBHE CHOCOOEH pelarh 3aJaud NpodeccroHaIbHON
JESITETLHOCTH B COCTABE HAYYHO-UCCIIEA0BATENHCKOTO KOJIJIEKTHBA.

«3» (Y10BJIETBOPHUTEJIBbHO): OOYYAIOIIMICSA JIEMOHCTPUPYET HETIIYOOKHE
TEOPETHUUECKHE 3HAHUsS, NPOSBIAET ci1abo CchOPMHUPOBAHHBIE HABBIKM aHAIN3a
SIBJICHUH W TPOIIECCOB, HEIOCTATOYHOE YMEHHE JIeJIaTh apTYMEHTUPOBAHHBIC BBIBO/IBI
U TPUBOIAUTH TPUMEPHI, TOKA3bIBAET HEAOCTATOYHO CBOOOJHOE BIAJCHHE
MOHOJIOTMYECKOW pPeYbl0, TEPMUHOJIOTUEH, JJOTUYHOCTBIO U TOCIEA0BATEIbHOCTHIO
W3II0KEHUS, JeJIaeT OMIMOKH, KOTOPhIE MOKET MCHPABUTH TOJIBKO MPU KOPPEKIIMH
MpernoaaBaTesieM.

OOGyuaronuiics:

- Ha TOPOrOBOM YPOBHE CIIOCOOEH OpraHM30BaTh CBOIO paboTy paau
JOCTHKEHUSI TIOCTABJICHHBIX 11€JIei; HAa TTOPOTOBOM YPOBHE TOTOB K HCIOJIb30BAHUIO
WHHOBAIIMOHHBIX UICH;

- Ha TIOPOTOBOM YPOBHE CIIOCOOEH paboTaTh CaMOCTOSATEIHHO;

- Ha TIOPOTOBOM YPOBHE CIIOCOOEH K MO3HABATEIBHOM IEATEeIbHOCTH;

- Ha TOPOTOBOM YypPOBHE CHOCOOCH TPUMEHSATh HAa MPAKTUKE HABBIKU
MIPOBE/ICHUS M OMTMCAHUS UCCIEA0BaHM, B TOM YUCJIE€ SKCTICPUMEHTAIIBHBIX;

- Ha TIOPOTOBOM YpPOBHE CIOCOOEH 00pabaThiBaTh MOJTYyYEHHBIC PE3yJbTATHI,
MIPEICTABIIATh UX B BUJIC HAYYHOTO JOKJIa/1a, HAYIHOW CTaThH;

- Ha TIOPOTOBOM YPOBHE CMOCOOCH TMpUHUMATh y4dacTHE B HAYYHO-
MCCJIEIOBATENbCKUX pPa3paboTkax MO MPOQIII0 MOATOTOBKH: CHCTEMAaTU3UPOBATH
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uH(POpPMALIMI0O TI0O TEME HCCIECOBAHMUN, NMPUHUMATh y4acTUE B OKCIIEPHUMEHTaX,
0oOpalaThIBaTh MOIYYECHHBIE TAHHBIE;

- Ha TIOPOTOBOM YPOBHE cCmOCOOEH pemath 3aaadu  MpodeccCHoHATbHOMN
JESITEIbBHOCTH B COCTaBE HAyUYHO-HCCIIEA0BATENbCKOr0 KOJUIEKTHBA.

«2» (HeyIOBJIETBOPUTEJIbHO): OO0yYarolMiics JIE€MOHCTPUPYET HE3HaHUE
TEOPETUYECKUX OCHOB MPEIMETa, HE YMEET JeNaTh apryMEHTUPOBAHHBIE BHIBOJIBI U
MPUBOIUTH MPHUMEPHI, TIOKA3bIBaCT CIa00€ BJIAaJICHUE MOHOJOTUYECKOW pPEYblo, HE
BJIaJI€ET TEPMHUHOJIOTHEN, IPOSIBIISET OTCYTCTBUE JIOTUYHOCTH U
[IOCJIEI0BATENBHOCTBIO U3JI0KEHHUS, JI€JaeT OLIMOKH, KOTOPbIE HE MOXKET UCIIPABUTD,
Jaxke MpU KOppeKuuu npenojasareieM. OTKa3bIBa€TCsl OTBEUATh HA MOCTABIICHHBIE
BOIIPOCHI.

OOyuaromuiics:

- Ha HU3KOM YpOBHE CIIOCOOEH OpraHU30BaTh CBOIO pabOTy paju AOCTHXKEHUS
MOCTaBJICHHBIX LI€JI€H; HA HU3KOM YPOBHE TOTOB K MCHOJIb30BaHUIO MHHOBAIIMOHHBIX
UaCH;

- Ha HU3KOM YpPOBHE CITIOCOOEH paboTaTh CaMOCTOSITENIBHO;

- Ha HU3KOM ypOBHE CTIOCOOEH K O3HABATEIbHOU JIEATEIbHOCTH;

- Ha HU3KOM YpOBHE CIIOCOOEH MPUMEHSTh Ha IPAKTUKE HABBIKU MPOBEACHUS U
OTHCaHUs UCCIIEJOBAHUM, B TOM YHCIIE€ HKCIIEPUMEHTAIbHbIX;

- Ha HU3KOM YpOBHE 00palaThIBaeT MOJy4YEHHBIE PE3yIbTaThl M MPEACTABISET
UX B BHJIC HAYYHOTO JIOKJIaJa, HAY9HOH CTaThU;

- Ha HU3KOM YpOBHE CHOCOOEH OpPUEHTHPOBATHCS B OCHOBHBIX IpobiieMax
MMHMIIEBON OMOTEXHOIOTHH;

- Ha HU3KOM YpOBHE CHOCOOEH MpUHUMATh Yy4yacTHE B Hay4HO-
HCCIIEIOBATENLCKUX pa3paboTKax MO MPO(UII0 TMOArOTOBKH: CHCTEMAaTHU3WPOBATH
uHPOPMAIIMI0O TI0 TEME HCCIEOBaHUN, MPUHUMATh y4acTHE B OJKCIEPUMEHTAaX,
00pabaThIBaTh MOTYUYEHHBIC IAHHBIE;

- Ha HM3KOM YpOBHE CHOCOOEH peuiatb 3a1add MpodeccuoHalIbHOM
JESITEIbHOCTH B COCTaBE HAyUYHO-HCCIIEA0BATEIHCKOTO KOJUICKTHBA.

[IprMepHBIN TEpeyeHb BONPOCOB K IK3aMEHY IPUBEJICH B IPUIIOKEHHUH 2.
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MPUJIOKEHUE Ne 1. 3AJJAHUA KOHTPOJIbBHOM PABOTHI

3aKkoH 3KBHBaJIeHTOB (3aganusn 1-20)

1. Ha BoccranoBnenue 3,6 r okcuaa mertamia nouwio 1,67 1 Bomopona,
M3MEPEHHOI'0 TMPU HOPMAJIBHBIX YCJIOBUSIX. PaccuumTarh 3KBUBAJCHTHBIC
MaccChl MeTaJlJIa U OKCHUJA.

2. 0,321 r amromuuusa 1 1,168 © UHKA BBITECHSIIOT M3 KHUCJIOTHI OJMHAKOBOEC
KOJIMYECTBO BOJopoaa. HaiiTu »SKBUBaJEHTHYI0 MacCy IIHMHKA, €Clid
HKBUBAJICHTHAsI Macca aTFOMUHUA paBHa 8,99 1/MOJIb.

3. Ha oOpazoBanue 43,24 T rumpuaa meIovYHOTO MeTaia Tpedyercs 5,6 1
BOJOPOJIa, HU3MEPEHHOI0 TMpPU HOPMAJbHBIX YCIOBUAX. BbBIUMCINTH
HKBUBAJICHTHBIE MACChl LIEJIOYHOTO MeTajla U ero rujapuaa. Kakoit sto
MeTa?

4. Ilpu pactBopenuu B kuciote 3,06 © MeTajuia BBIAEIWIOCH 2,8 J1 BOJOPOAA,
n3MepenHoro npu remneparype 0 °C u gapnenun 101,325 klla. Beruncnuts
MOJISIPHYIO MacCy SKBUBAJICHTA METAJLIA.

5. Jns HeWTpanuzanud S5 T TUAPOKCHAA MeTamia Tpedyercss 6,12 r omHOi
KUCJIOTBI Wik 7,87 T Ipyrod KHUCIIOThI, SKBUBAJICHTHAs Macca KOTOpou 63
r/MOJIb. BBIUUCIUTD SKBUBAJICHTHBIE MAcChl THAPOKCUIA METaJlJIa U TIEPBOM
KHCJIOTHI.

6. Macca 1 1 kuciaopoga paBHa 1,4 1. CKOJIBKO JIMUTPOB KHCIOPOJa
pacxomyercsl Ipu cropaHuu 21 r MarHus, SKBUBaJIEHTHAs Macca KOTOPOTO
paBHa 12 r/Mo0B?

7. BBIYMCIANTH DKBUBAJICHTHYIO U ATOMHYIO MACCy JJIEMEHTA, 3Has, YTO B €ro
OKCHJIE HAa OJIMH aTOM 3JJIEMEHTa MPUXOJMUTCS TPU aToMa KHUCIOopoAa, a
coaepkaHue kuciopoja cocraniset 60 %.

8. Bbluncnure wmossipHble Macchl 3kBUBaIeHTOB KAI(SO,), B peakmusx,
BBIPAXKAEMbIX YPAaBHEHUSIMU

KAI(SO4),+ 3KOH = A1(OH); + 2K,SOy;

KAI(SO,), + 2BaCl, = KCl + AICIl; +2BaSO,.

9. Ha Boccranomnenue 56,08 T okcuaa Merauia moTpeboBaioch 22,4 1
M3MEPEHHOTO0 TIPU HOPMAJIBHBIX  YCIOBUSIX BOJOpOJa. BerauciauTh
SKBUBAJICHTHBIC MacCChl METAJJIa U €T0 OKCHU/IA.

10.Ha neitrpanuzanuio 1,89 r dochopuctoit kucnotsl (H3;PO;3) nzpacxomnoBano
2,57 t rugpokcuga kamuss (KOH). BpluncIuTh SKBUBAJIEHTHYIO Maccy
dochopucToit KUCIOTH U €€ OCHOBHOCTh. Ha oCHOBaHMM pacueTa HalucaTh
YpaBHEHHE PEAKIIUH.

11.BblyuciauTe MOJSIPHYIO MacCy OKBHUBAJICHTa CEpbl B COCIUHCHUH,
coaepaiieM Bogopoa H (maccoBas nonst 5,92 %) u cepy S (MaccoBas 10151
94,08 %).
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12.Ha BoccranoBienue 3,6 r okcuaa mertamia nouwio 1,67 1 Bomopona,
M3MEPEHHOI'0 TMPU HOPMAJIBHBIX YCIOBHSX. PaccuuTarh 3KBHBaJIEHTHBIE
MaccChl METAJIa U OKCHJIA.

13.Beiuncnute MomsipHyto Maccy odkBuBajieHta NaHSO, u CuOHCI B
peaKIusX, BEIpaKaeMbIX YPaBHCHUSMU:

NaHSO, + NaOH = Na,S0O,4 + H,O;

CuOHCI + H,S = CuS + HCI + H,0.

14.1,60 r xampuugd u 2,615 r nMHKA BBITECHSIOT M3 KHCIOTHI OJMHAKOBOC
KOJIMYECTBO BOJOPOJA. BBIYMCINTL 3KBUBAJEHTHYIO MacCy IIMHKA, 3Ha,
YTO SKBHUBAJICHTHAs Macca KaJbIus paBHa 20 1/MOJIb.

15.Beruncnute skBuBajieHTHhle Macchl NaHCO; u Fe(OH),CH;COO B
peaKkusx:

NaHCO; + NaOH = Na,CO; + H,0;

Fe(OH),CH;COO + 2CH3;COOH = Fe(CH;COO); + 2H,O0.

16.1lpu  B3aumopelcTBUU  OPTOPOCHPOPHON  KHUCIOTHI CO  IMIEJIOYBIO
obpazoBanack conb Na,HPO,. Haiitu g1 »3TOoro ciywas 3Ha4YeHUE
MOJISIPHOM MacChl SKBUBaJIeHTa OPTOPOCHOPHOUN KHUCIOTHI.

17.OxBUBaJICHTHAasT Macca YeThIPEXBAJIECHTHOrO 3jieMeHTa paBHa 3. KakoBa
MaccoBasi J0JI1 KUCIOPOa B BBICILIEM OKCUAE, 3TOTO 3JIeMEHTA?

18.Bp1ynciauTe MOJSIDHYIO MacCy 5SKBUBAJIEHTA OKCHAA TPEXBAIECHTHOTO
MeTalljla, 3Has, YTO JKBUBAJICHTHas Macca MeTtayuia paBHa 9,0 1/MOJIb.
Kakoii aTo metann?

19.Beuncnute Mossipubie  Macchl dkBuBaiieHTa KCr(SO4), B peaxiusx,
BBIpaKaeMbIX YPaBHCHUSIMMU:

KCr(SO4), + 3KOH = Cr(OH); + 2K;SOy;

KCr(SO4), +2Ba(NOs), = 2BaS0O,4 + KNO; +Cr(NO;)s.

20.Ha BoccranoBnenune 1,980 r okcuma metamna uspacxogoBaHo 0,545 1
KUCJIOPOJIa, M3MEPEHHOIO0 TIPM HOPMAJIBHBIX YCJIOBHUSAX. BBIYMCIUTH
MOJISIPHBIE MACChl SKBUBAJICHTOB OKCHJa U MeTasia

Crpoenue aTtoma (3ananus 21-40)

21.CTpoeHHe BHEIIHEr0 YHEPreTHYeCKOro YPOBHS aToMa OXHOTO JJIeMEHTa 3s”
3p', a atoma apyroro snementa — 4s> 4p’. COCTaBUTH MOJHBIC JIEKTPOHHbIE
dbopMysibl aTOMOB 3THUX JJEMEHTOB. Y aToma, Kakoro JJEMEHTa CHJIbHee
BBIpaKEHBI METAJUTMYECKUE CBOMCTBA?

22.BHemHUE M TMPEIBHEIIHUE DSHEPreTUYECKUE YPOBHU aTOMOB HEKOTOPBIX
3MEMEHTOB BhIpaxkaiotcst Qopmytamu: 3s3p°3d°4s’ u  3s*3p°3d'%4s’4p'.
CocTaBuTh MOJIHBIEC JIEKTPOHHBIE (DOPMYJIBI aTOMOB ATHUX 3JIeMEeHTOB. Kakoi
U3 HUX OTHOCUTCA K d-351eMeHTam?
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23.9eKTPOHHAs CTPYKTypa aroma OImchiBaeTcss (opmynoil 1s°2s2p°3s’,
OnpenenuTs Nepuoa U TPyHIny MEepUOIUYECKO cuctembl rnemeHToB [I. U.
MenpeneeBa, B KOTOPbIX HaXOaUTCA neMeHT. Kakoi 3To 3nemeHT?

24 .Macca atroma HEKOTOpOro wu3oromna paBHa 18la.e.M. B ero siekTpoHHOU
000104Ke CcomepkKUTCS 73 »BIEKTpOoHA. YKas3aTh, CKOJBKO MPOTOHOB U
HEUTPOHOB cCOJIepKUTCA B siape aroma. Kakod 3to snement? Hamumiure
AIIEKTPOHHYIO (DOPMYITYy aTOMa 3TOTO AJIEMEHTA.

25.Kakoii sHepreTuyecKkuil MoaypoBeHb B aTOMAaxX 3aIloHseTcs paHblie — 4f wium
5d; 3d wim 4s? Ilpumenute npasuia KiedkoBCKoTo.

26.CocTaBuTh 3JEKTPOHHYIO (OpMyNy aToma 3JIEMEHTa, MOPSAKOBBIM HOMEp
KOoTOporo 35. VYka3aTh BaJ€HTHOCTh M CTENEHb OKHUCICHHS aTOMa 3TOTO
AJIEMEHTa B HOPMAJIBHOM M BO30Y>K/IEHHOM COCTOSIHUU.

27.Ha npuMepe MapraHiia v MbIIIbsIKa MOKa3aTh IPUMEHUMOCTD MpaBuiia ['yHaa.

28.Kakoe MakcMMaibHOE KOJIMYECTBO f-3JIEKTPOHOB MOXET OBITH: a) Y aTOMOB
AJIEMEHTOB IIECTOTO NEPHO/IA; B) Y AaTOMOB 3JIEMEHTOB CEIbMOT0 Nieproa’?

29.CoctaBuTh SJEKTPOHHBIE (OPMYJIBI aTOMOB XpoMa U CelieHa. YKa3aTh
SHEPreTUYECKUE YPOBHU U MOTYPOBHHU, HA KOTOPBHIX HAXOJSITCS UX BAJICHTHbBIC
AIEKTPOHBI.

30.Yto Takoe nzoromnsl, u300apsi? [IpuBeaute npumMepsl.

31.Kakoe MakcUMaJIbHOE YHCIIO JIEKTPOHOB MOKET OBITh Y aTOMa B 3JIEKTPOHHOM
CJI0€, XapaKTEPU3yeMOM IJIaBHBIM KBAaHTOBBIM 4YHKCIIOM 3?7 CKOJBKO 3HAUYCHUU
MAarHMTHOTO KBAaHTOBOTO YHUCJa BO3MOKHO [JISl 3JIEKTPOHOB JAHHOIO CIIOS,
eciIi OpOUTaAIbHOE KBAHTOBOE YHCJIO PaBHO 37

32.YeMy paBHO MaKCHUMaJlbHOE YHUCJIO DBJEKTPOHOB Ha IIEPBOM BHEIIHEM U
MIPEJIBHEIIIHEM SHEpreTuYeckux ypoBHsaX? Kakue moaypoBHU 3aMOIHSIOT ATH
AIEKTPOHBI?

33.Ilouemy MapraHen MOpoOSIBIASET METAUIMYECKUE CBOWCTBA, a XJIOp —
HeMeTtaiuinueckue? JlailTe OTBET, MCXOId U3 CTPOEHUS AaTOMOB 3THX
AJIEMEHTOB.

34.CuMBOJI OJTHOTO M3 M30TOINOB XpoMma >2.Cr. VYka3zaTh, CKOJIBKO MPOTOHOB U
HEUTPOHOB COAEPKUTCA B SAPE aroMa 3TOr0 M30TOMA, CKOJBKO 3JEKTPOHOB
COJICPKUT DJIEKTpOHHAsE 00ojouka. HamucaTh 35eKTpoHHYIO (HOpMyITy 3TOTO
aToma.

35.CocTaBUTh 3J€KTPOHHBIE (OPMYJIBI ATOMOB 3JIEMEHTOB 0JIOBa U BOJIb(pama.
Kaxkoii U3 HUX OTHOCUTCS K p-dJieMeHTaM?

36.CocTaBuTh 3JEKTPOHHBIC (POPMYIIBI HHOOUS U CyphMbI. Ha Kakux moaypoBHSIX
PaCIOJIOKEHbI UX BAJICHTHBIE SJIEKTPOHBI?

37.ChopmynupoBaTh TNPUHIMII HauMeEHbIeH »SHepruu. Kakod ToaypOBEHb
3anoJiHsieTcs panbiie: 6s uiu 5d; 5Sd umm 417

38.CocTaBUTh 3JEKTPOHHBIE (POPMYJIBI aTOMOB 3JIEMEHTOB, OTHOCSIIUXCS K
s-, p-, d- u f-cemeiicTBam.
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39.Kakoe MakCUMaJIbHOE YUCJIO AIEKTPOHOB HAXOIUTCH:
a) Ha YETBEPTOM U IIECTOM SHEPreTUUECKUX YPOBHSIX;
B) Ha IOJIYPOBHSIX S, P, d, {?

40.CTpoeHHE BHEUIHETO M TMPEABHEIIHET0 SHEPreTHUYECKUX YPOBHEH aTOMOB
ofHOro s1eMenta — 3s-3p°3d'°4s’, atomoB mpyroro 3s’3p®4s’. CocraBuTh
MIOJTHBIE D3JIEKTPOHHBIC (OPMYJIBI aTOMOB ATHX AJIEMEHTOB. Kakoil w3 HuUX
OTHOCUTCA K d-3emeHTam?

Xumuueckasn cBs3b. CTpoenue BemecrBa (3aganus 41-60)

41.Yem o00bsAcHUTH, 4TO MOJeKyldbl CO, u SO; HemomsapHbie, X0TsA cBsizu =C=0
u >>S=0 nosspHbIE?

42.Yto HasbiBaeTcs JMHOW aunoss? Ilouemy y Mojekynbl JTUOKCHAA yriiepoja
JUTIOJBHBI MOMEHT PAaBEH HYJIIO?

43.00bscHuTh, ouemMy mosiekyna BeCl, umeer nunHeitHyro gopMy, a MolieKyia
H,0O — yrnoByto. Kakol TiI XUMUYECKOM CBSI3U B MOJIEKYJIaX 3TUX BEIIECTB?

44.1lpn KakuxX YyCHOBHUAX Yy HEIMOJSAPHBIX MOJIEKYJ JHIOJBbHBIA MOMEHT DPaBEH
Hymo? PaccmoTpure ctpoenue okcua yriaepoaa (IV) u merana.

45.Kakue MOJNEKybl SBIAIOTCA MOJSIPHBIMH M KaKU€ HEMOJIIPHBIMU? UTO CIIyKUT
Mepo# nossipHOCTH MoJieKya? [IpuBeauTe npumepsl.

46.Kakoil TMIl XUMUYECKOHN CBA3M B MOJIEKYJIax cieayromux coeauuennii: CHy, Fs,
H,0, NaCl? OtBeT MOTUBHPOBATh, IPUBEAS CXEMbI CTPOECHHUS 3TUX MOJIEKYII.

47.410 CIYy)XUT MEpOW TMOJAPHOCTH KoBajeHTHOW cBs3u? [lo TabiuuHbIM
3HAQYEHUSIM OTHOCUTEIBHBIX JJIEKTPOOTpULATENIBHOCTEN 3ieMeHToB 020
ornpejenuTe, kakas cBs3b HanOosee noyspHas: H-F; H —CI unu H-O.

48.Kakoil TUIl XMMHYECKOM CBSI3M B MOJIEKYJIaxX ClIeAyHIuX coeauHeHui: CS,,
AICl;, N,, NH;? OTBET MOTHUBUPOBATH, IPUBE/IS CXEMBI CTPOCHHSI 3TUX MOJIEKYJI.

49. TunonbHbie MoMeHTHI Mosiekyn H,S u SO, paBubl 0,93D u 1,61D. Beruucnuth
JUTMHY JUTIOJIS U yKa3aTh, B KAKOW M3 MOJIEKYJI CBsI3b 00Jiee MOosipHast.

50.Kakue MoneKysbpl Ha3bIBAXOTCSA MOJISPHBIMU, HEMOISIPHBIMU, HOHHBIMU?

51.YTo Ha3bIBaeTCSA KpaTHOM CBA3bIO? B uem oTnnuune 6- U m-CBs3en?

52.YeM OTIMYAETCS KOBAJIEHTHAS MOJSPHAs CBS3b OT KOBAJICHTHOW HEMOJSPHOMN
cBs3u? llpuBenaure npumepsl. UeM OOBSICHUTH HAIUYUE AMIONS B MOJICKYJIE
BOJIbI U €T0 OTCYTCTBUE B MoJiekyiie CO,?

53.Vka3arp Tun XumMuueckou cBsizu B modekynax H,, Cl,, HCL. IlpuBectu cxemy
MepeKPhIBAHUS AJIEKTPOHHBIX 00JIaKOB.

54.Y10 Ha3bIBAE€TCS AMMOJBHBIM MOMEHTOM? B KakuX eJuHMIIaX OH BbIpa)kaeTcs?
Kakas w3 HWKENpPUBEICHHBIX MOJICKYJ HWMEET HaWOOJIBIINN UTIOIHHBINA
moment: HF, HCl, HBr, HI? OtBer MoOTHBUpPOBaTb, HCXOASA U3
AIEKTPOOTPULIATEILHOCTH 3TUX AJIEMEHTOB.

55.1306pa3ute B Buie cxeMm crpoenue monekyia: Cl,, H,O, CaS. Kakoit Tun
XUMHUYECKOH CBSI3M HAOJI01aeTCSA B KAXKIOW U3 HUX?
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56.CxonbKkO G- M T-CBA3€H B MOJEKyJax Kuciaopoaa u a3zora? Hammcare cxemy
oOpa3oBaHUS 3THX MOJIEKYJ C YYETOM B3aWMOJEHCTBUS WX OSJIECKTPOHHBIX
00J1aKOB.

57.Kakoil THI CBSI3UM OCYIIECTBIAECTCS B Kaxjaoud u3z mojekyn: F,, CO,, HCI?
VYKkazaTh I KaKIO0M M3 HUX HaIpaBiCHUE CMEUICHUS OOIel 3JIEKTPOHHOM
napehl.

58. Jymua mumonst CH;Cl paBha 4°107"" M. BUHMCIMTD AMIONBHBEI MOMEHT H
BBIPA3UTh €ro B Jie0asx.

59.Kakyio dopmy nmeer Monekyna AB;, ecnu CBsI3b OCYIIECTBISETCA TpeMs p-
AIIEKTPOHAMHU aToMa A U s-3JIeKTpoHaMu Tpex aTomoB B? [IpuBectu npumepsl.

60.ITouemy monexkynsl CO, u SO; Henoussipuble, a Monekyiasl HyO u SO, umeror
JIATIOJb, HECMOTPS Ha TO, 4uTO cBsi3u =C=0 u >>S=0 Tak ke, kak >S=0 u H—0—,
nosisipubie? Kakasi u3 BeIIENPUBEICHHBIX CBsi3el Hanboee nmossipHas? [louemy?

XumMuuyeckasi KHHEeTHKAa. XMMHUYeCKOoe paBHOBecue (3aganus 61-80)

61.BpIpa3uth MaTEMaTHYECKN CKOPOCTH CIEAYIOIIMX XUMUYECKUX PEaKIUN:
a) Nory + 3Hyy—  0) 2NO(y + Oxry = B) 2SO0,y + Oyry + 2H Oy,
HanucaTe kuHETHYECKNE YpaBHEHUS, IPUMEHUB 3aKOH JIEUCTBYIOLIUX Macc.

62 Ilpunnun Jle [latense. Kak moBavseT NOBBIILICHUE JABICHHUS HA PABHOBECHUE
CIEAYIOIIUX O0OpPaTUMBIX T€TEPOrEeHHBIX PEeAKIIUMA
N32C03(T) + HzO()K) g 2N&HCO3(T);
H>SO40x) + 2NHsry <> (NH4)2SOy ).

63.JlokazaTth pacueToMm, MOYEMY H3MEHEHHE [ABJICHHUS CMEIIACT PABHOBECHUE
peakyu Ny + 3Hyry <> 2NHjr u He cMemnnaer paBHoBecue peakiyu Ny +
Oyry <> 2NO(p.

64.1Ipu cunrese ocrena umeer mecto paBHoBecue Clyry + CO(y «<» COClyp.
OnpenenuTh UCXOJHBIE KOHIIEHTpaMu xjopa u okcuaa yriaepona (1), ecnu
paBHOBecHbIe KoHIeHTpanuu paBHbl [Cly] =0,2 mons/im; [CO] = 0,1 mouns/m;
[COCL,] = 2 Momw/m.

65./1pe peakuuu npu 10°C mporekaroT ¢ OAMHAKOBOM cKopocThio (V=V)).
TemnepatypHblii K03Q(UIKUEHT CKOPOCTH NEPBOM PEAKLMU PaBEH 2, BTOPOMl —
3. Kak OyayT OTHOCHUTBCS CKOPOCTH PEaKIIHii, €CIIM TIEPBYIO U3 HUX BECTU MPHU
temriepatype 50 °C, a Bropyto — nipu 30 °C? [IpaBuno Baut-I'odda.

66.Cxopocts peakunu 2H, ) + Oy — 2H,O¢r, mpu [H,] = 0,5 monms/nn [O;] =
0,6 momnb/n. Koncranta paBHoBecus paBHa 0,018 momw/i*muH. OnpenenuTsb
KOHCTaHTY CKOPOCTH PEaKIUU.

67.CKOpoCTh peakuuu Mpu MNoBbIMIEHUH TemnepaTypbl Ha 20 °C Bo3pocna B
neBath pa3. OnpenenuTs ee TemiepaTypHbii kodddurment. [IpaBuno Bant-

Todaoa.
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68.UeMy paBeH TeMIiepaTypHbIi KOA(P(GUIUEHT CKOPOCTH PEaKLUH, €ClIU MpH
yBennueHnu remneparypsl Ha 30 °C oHa Bo3pacraer B 27 paz?

69. Kak moBmseT MOBBIIICHNE JIABJICHUS Ha PABHOBECHUE CIEAYIOIIMX 00paTUMBIX
peaKkuuii, MPOTEKAOIINX B TOMOT€HHON CUCTEME:

a) PCls(r) > PCl3(r) + Clz(r); 6) 4HC1(F) + Oz(r) g 2H20(H) +2C12(r).

70.B0 CKOJIBKO pa3 yBEJIMUUTCSI CKOPOCTh XUMHYECKON PEAKIIUU IIPYU MTOBBIIICHUH
temriepaTypsl Ha 30 °C, eciu TeMrnepaTypHbIil KO3QGUIIMEHT CKOPOCTH paBeH
1,57

71.Kak HM3MEHHUTCS CKOPOCTh NPOTEKAIOIIEH B 3aKPBITOM COCYJIE€ T'OMOTE€HHOM
peakmuu 2NO(r) + Oyry <> 2NO,, ecau yBeNIn4YUTh JABJICHUE B YETHIPE pasa?
[Tpraumn Jle Hlarense.

72.Peakuus Mexay BemectBamMu A u B Beipakaercs ypaBHeHuem A + 2B = C.
Hauanbnas koHneHTparus emiectBa A paBHa 0,3 monw/i, BemectBa B — 0,5
mouib/1. KoHcranta ckopoctu peakinuu paBHa 0,4. Paccumrtarh HadanbHYIO
CKOPOCTh PEaKIIMU U CKOPOCTh PEAKIIUU MO UCTEUEHUU HEKOTOPOIO0 BPEMEHHU,
KOI'/Ia KOHIIeHTpauus BemecTsa A ymenbmutcs Ha 0,1 Mouib/In.

73.1Ipu HEKOTOpPOW TEMIEparype B TOMOTCHHOM pEaKIUU YCTaHOBUJIOCH
pasHoBecue H,ry + Bryr) <> 2HBrg). PaBHOBecHBIE KOHLIEHTpaluu
pearupytomux BemectB Bogopona [H,] = 0,5 monw/n, O6poma [Br] =
0,1monw/n, O6pomoBogopona [HBr] = 1,6 Monws/n. BBIYMCAUTE HCXOJIHBIC
KOHIIEHTpAIMU BOIOPOJia U Opoma.

74.Hanrcath MaTEMAaTUYECKUE BBIPAYKEHUSI CKOPOCTEN CIEAYIOIINX PEAKIINN:

a) 2Alerp) + 3Clyry = 2AICLkpy;
0) 2CO) + Oy =2C0O;r).

75.1'a30Bast cMech COCTOMT M3 BOAOPOJA W XJjopa. Peakuus uaer 1o ypaBHEHHIO
Hory + Clyry <> 2HCl(r. Kak u3MeHHUTCS CKOPOCTbH NPAMOW DPEaKIMHU, €CIN
YBEJIUYUTh JaBJIECHUE B TPU pa3a?

76.PapaoBecne peakumn: COqry) +Clyry < COClyry ycTaHoBUIOCE IIpH
KoHIleHTpaluu pearupyromux BemectB [CO] = [Cl,] = [COCl,] = 0,001
MoJIb/J1. OnpenenuTh KOHCTAHTYy PAaBHOBECHS W MCXOJHBIC KOHIICHTpAIlUU
okcupa yriepoaa (II) u xmopa.

77.1Ipu 1000 °C xoncranta paBHoBecus peakumu FeOrg) + COry <> Ferrp) + +
COy(r) paBHa 0,5. Yemy paBHbl paBHOBecHbIE KOHIeHTpauun CO u CO,, ecnu
uX HayajbHble KoHIEeHTpanuu cienywmme: [CO]y = 0,05 monw/i; [CO,)y =
0,025 momnp/mn.

78.B kakom HampaBieHUMM OyIET CMELIAaThCsd pABHOBECHE TMpPU TOHUKEHUU
nasyienus U remnepatypsl 11 peakuun: COCly iy <> COqry + Clyry; AHy5 =
=+112,5 xJ[x/Moan?

79.Xumuueckoe paBHOBecue peakuuu A +2B < J ycTaHOBUIOCH TIpHU
CJIEIYIONUX KOHIIEHTpanusax BemiecTB [Alp = 6 monb/i; [Blp = 2 monw/m; [A]p
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= 3 MoJIb/Jl. BEIYMCIIUTD KOHCTAHTY PABHOBECHUSI U UCXOJHYIO KOHLIEHTPAIUIO
BelecTna A.

80.B3zaumoneiicteue Mexay okcugom yriuepoga (II) m xjmopoMm wuaer mo
ypaBHeHuto CO) + Clyry <> COClyry. Konnenrpanus okcuna yrnepozna (II)
paBua 0,3 mounp/n, xmopa - 0,2 monw/n. Kak U3MEHUTCS CKOPOCTh MpsIMOU
peakiuu, €cid YBEJIHMYUTh KOHIeHTparuio xjopa a0 0,6 Moub/1, okcuaa
yraepoaa (II) — mol,2 Momw/m.

Cnoco0b1 BbIpaskeHHsl KOHIEHTPAMH PacTBopoB (3axanus 81-100)

81.KakoBa npoiieHTHas KoHIIeHTpalus pactBopa (0% umu C%), cogepaxartiero 20
r xjgopuga Oapus B 380 r Boabl? BBIMUCINTH MOJSJIBHYIO KOHLEHTPALHUIO
BaCl, B nannom pactBope.

82.Ckonpko TpamMmoB enkoro Hatpa coaepxutcs B 400 mim 0,12 H pactBOpa
NaOH? CkoapK0 MUUTMIUTPOB 3TOTO pacTBOpa MOTPEOyeTCs AN OCAXKICHUS
B Buge Fe(OH); Bcero xenesa, comepxanierocss B 48 mn 0,2 H pacTBOpa
Fey(S04)5?

83.lns ocaxnenuss B Buae BaSO, Bcero Oapusi, copepskamierocs B 500 wmu
pactBopa BaCl,, morpedoBanocr 100 min 0,3 H pacrBopa H,SO,.Ckonbko
rpamMoB BaSQO, Beimanio B ocagok?

84.K onnomy nutpy 10%-ro pactBopa azotHoit kucinoTel HNOj; (mmotHOCTh 1,054
r/cM’) mpubaBuIH 2 1 2%-ro pacTBOpa TOM K€ KHCIOTHI (IuToTHOCTH 1,009
r/eM’). Bbrumciuts MaccoBylo gomo (o % wmwm C %) M MOSPHYIO
KOHIICHTPALIUIO MMOJIYyYEHHOTO pacTBOPA.

85.Ckonpko rpammoB KI Hago pactBoputh B 150 T Bomel mns nomydenus 0,2
MOJISTBHOTO pacTBopa Hoauaa kanusi? Beraucnuth MaccoByto 100 (0% uiu
C %) lonna Kanusi B 3TOM pacTBOPE.

86.Paccuurats TuTp 0,15 H pacTBOpa KUCIOT: CepHOM, POCPOPHOIL, COTTHOM.

87.Cmemiano 20 xr pactBopa ¢ maccoBoil goneit 7,5 % wm 10 xr pactBopa c
MaccoBou aoiiet 30 % omHOro M TOro ke BemecTBa. OnpeaenuTh MacCCOBYIO
noio (o % wim C %) BeliecTBa B MOJYYEHHOM PacTBOPE.

88.K 3 11 Boawl mpubaBuim 1 1 pacTBOpa ¢ MaccoBOM J0JEH TUIPOKCUAA HATPUS
30 %, MIOTHOCTB, KOTOpOro pasmsiercst 1,328 r/cM’. PaccumraTh MaccoBYIO
noutro (o %) u MoJsapHyto koHIeHTpairio NaOH B mosydyeHHOM pacTBope.

89.13 3 1 pacTBOpa eakoro kajim ¢ MaccoBoit posuei 50 % (miotHocts 1,51 r/em’ )
Haso npurotoBuTh pactBop KOH c maccosoit gonei 10 % (motnocts 1,07
r/ca).

90.K 500 mu 32%-ii a30THOW KHCJIOTHI, HMMEIOEH IIOTHOCTH 1,2 r/em’,
npubaBuiu 1 1 Bonbl. KakoBa maccoBas 10i1st (0 %) moTyd4eHHOro pacTBopa?

91.Kaxoit o6beM 8%-ro pacTBopa cepHOil kuciothl (miotHocth 1,055 r/em’)
HYKHO B3sTh Juis npurotoienus 5 1 0,1 v pactBopa H,SO,?
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92.Cmemanu 100 M 50%-ro pactsopa H,SO, (mmotHocts 1,40 r/em’) nl00 M
10%-ro pacteopa H,SO, (mmotHocts 1,07 r/cm’) M 106aBHIH BOABI 10 3 I
OnpenenuTs MOJSIPHYIO KOHIEHTPAILMIO SKBUBAJICHTOB CEPHOU KHUCIOTHI B
MOJIy4eHHOM PacTBODPE.

93.Ha ne#itpanuzamuio 50 mu pactBopa enkoro kanu KOH notpe6osanocs 100
MI1 8%-T0 pacTBopa XJ10poBoopoaHoii kucnotsl HCI (mmotrocts 1,028 /em’).
Brruucnuth MOJSIPHYIO KOHIIEHTPAIMIO SKBUBAJICHTA (HOPMAJIBHOCTh) €IKOTO
KaJi B ucxoiHoM pactBope KOH.

94.Cxonpko Boabl cienyer mnpubaButh K 50 mi 25%-ro pactBopa H,SOy,
MIoTHOCTH KoTOporo 1,19 r/cm’, utoGbl momyunts 10%-if pacTBOp CepHOl
KHUCJIOTHI?

95.95. Jlo xakoro oowema Hano pazdaButh 500 mu 20%-ro pactBopa XJjopuaa
Hatpust (mwiotHocets 1,152 r/em’), utoGbl momyunth 4,5 %-it pactBop NaCl,
IIOTHOCTH KOTOpOro passtercs 1,029 r/cm’

96.Ckonbko  MuumuUTpoB  10%-ro pactBopa CepHOM KHUCIOTHI (IJIOTHOCTh
1,07r/cM’) moTpebyercst AIs HeHTpatH3aluu pacTBOpa, coiaepikaiiero 16 r
ruapokcuaa Hatpust NaOH?

97.BbIpa3uTh B MPOLEHTAX KOHIEHTPALUIO PacTBOpa, coaepkaiiero B 240 r BoJibl
40 r rmoko3bl. BeunciuTh TemMnepaTypy 3amMep3aHHs 3TOTO pacTBOpPA, €CIld
K=1,86.

98.ITmotHOCTH 15%-r0 pacTBOpa CepHOil KHCIOThI paBHa 1,105 r/cM’. BerauciuTs
MOJISIPHYIO, MOJISIDHYIO 3KBUBAJIEHTa U MOJSUIbHYIO KOHUeHTpaunun H,SO, B
pacTBope

99.BblYynCcauTh TUTP pPacTBOpa, B KOTOPOM MAaccoBasl MOJSl CEPHOM KHCIOTHI
30 %, a IUIOTHOCTB 3TOTO pacTBopa paBHsaercs 1,219 r/mi.

100.Beiuncnuth MOJISLIBHOCTh M HOPMaJIBHOCTH 5%-T0 pactBopa docdopHoi
KHCJIOTBI, €CJIM €€ IJIOTHOCThL cocTaBiigeT 1,023 r/mir.

I'maposu3 coseit (3aganus 101-120)

101.Kakyto peakuuto cpeqpl OyayT UMETh pacTBOpbl HUTpaTa HuHKA — Zn(NO;),,
opomuna xamus — KBr, cynedpuaa nHatpus — Na,S? OTBeThl moATBEPAUTH
YPaBHEHUSIMU COOTBETCTBYIOIIMX PEAKLIUM.

102.Kak OynyT neiicTBOBaTh Ha MHIUKATOP JIAKMYC PACTBOPHI ITHAHUAA Kausl —
KCN, cynsdpara meau (II) — CuSO,, nHutpata HaTpuss — NaNO;? OtTBeThI
NOJATBEPIUTh YPaBHEHUSAMH COOTBETCTBYIOUIUX PEAKIIHA.

103.CocTaBuTh MOJEKYISIPHBIE U MOHHBIE ypaBHEHUS ruaponu3a coneil: CuSOQy,
BaCl,, NH,Cl. YkazaTs peakiuto cpeibl B BOJHBIX PACTBOPAX 3TUX COJICH.

104.Kakue u3 cneayromux cojeit moaseprarotrcs ruaponusy: NaCl, Cu(NO;),,
K,S? CocTaBuTh MOJIEKYJISIPHBIE K HOHHBIE YPABHEHUS THAPOIN3A COJIEH.
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105.CocTaBuTh MOJIEKYJSIDHBIE W MOHHBIE YPAaBHEHHS PEAKIMil, MPOTEKAIOIIUX
npu cauBanuu pactBopoB AlCl; m K,S, ecnu B pesynpraTe peakuuu
obpasyrorcs AI(OH); u H,S.

106.CocTtaBuTh MOJIEKYJIIDHBIE U MOHHBIE YPAaBHEHHS THAPOJIN3a, B PE3yJIbTaTe
KOTOporo oopasyrTcs rugapodocdar u guruapodocdar xkanus.

107.Kakue wu3 comeit: KNO;, CrCl;, NaNO, mnoxaBepratotrcs THUIPOTU3Y?
CocTaBUTh HOHHBIE U MOJIEKYJISIPHBIE YPABHEHMS pEaKIUI THIPOJIU3A.

108.CocTtaBuTh MOJNEKYISPHBIE U MOHHBIE YPABHEHUS PEAKLINM, TPOUCXOIAIINX B
cmecu BoAHbIX pacTBopoB CrCl; u Na,S (o0pazytorcs Cr(OH); u H,S).

109.Hanucate MOJNEKYJSIpHbIE U HMOHHBIC YpaBHEHUsS peakuui ruaponusa (I
CTYNEHb) XJOPUJIOB ATIOMUHMS U Kajblidsl. BBIYUCIUTH CTENEHb TUIPOJIN3A
XJIOPUIA ATFOMHUHMSL.

110.HanucaTe MOJIEKYJIIpHBIE U MOHHBIE YPAaBHEHUS pEaKIUi TUIPOJIN3a aleTaTa
HATpUs U cyibuaa 6apus.

111.Hanmucate B MIOHHOM W MOJIEKYJIIPHOM BHJI€ YPABHEHUS PEAKIMN THAPOJIN3A
(I cryniens) cynbduaa Kanplus U HUTpaTa IMHKa. YKa3aTh pH.

112.HanmucaTe B MIOHHOM W MOJIEKYJIIPHOM BHJI€ YPABHEHUS PEAKLIHMM THAPOJIN3A
(I ctynenn) xyiopuia UHKA U Cyibdara allOMUHUS. YKa3aTh PEaKlUI0 Cpebl
(pH).

113.Hanucate B MIOHHOM W MOJIEKYJIIPHOM BHJIE€ YPABHEHUS PEAKLMN THAPOJIN3A
(I crynens) cynbbuta Hatpus U Hutpara meau (II). Beruucauth KOHCTaHTY
TUApONIN3a CyIb(UTa HATPUS.

114 . HanricaTh B MOHHOM M MOJIEKYJIIPHOM BUJE YPaBHEHUS PEAKUUN TMIpOJin3a
(I crymenn) kapOoHaTa Kajausi M XJopuga Oapusi, €Clid HTOT IMPOIECC
MPOTEKAET. YKa3aTh PEAKIHUIO CPEJIbI.

115.Hanucate B MIOHHOM W MOJIEKYJIIPHOM BHJI€ YPABHEHUSI PEAKLMMN THAPOJIN3A
(I crymenn) cynbbuna Oapus u xmopunma wmapranna (II). Kakoii user
IpPUOOPETET MHAMKATOP METUJIOBBIM OpaHXEBbI B BOJHBIX PAacTBOpax 3THUX
coJen?

116.HanmucaTte B MIOHHOM W MOJIEKYJAPHOM BHJE YPABHEHUS PEAKIIMN TUIPOJIN3A
(I cryniens) cynpduaa KaablUs U HUTpATA IIUHKA. YKa3aTh PEAKIUIO CPEIbl
(pH).

117.HanucaTe B MOHHOM M MOJIEKYJISIPHOM BHJI€ YPAaBHEHMS PEaKUUN T'MIPOJIN3a
(I crynenp) HuTpaTa amomMuHusa. Yka3ath peakuuto cpenbl (pH). Kakoit user
JaKMyca B pacTBOpPE 3TOM cou?

118.HanucaTe B MOHHOM M MOJIEKYJISIPHOM BHJI€ YPAaBHEHMS PEaKLUUN T'MIPOJIN3a
(I crynenn) amerata aMMOHUSI M XJIOpUJla HATpUs. BBIUUCIUTH KOHCTAHTY U
CTEIEHb T'UJIPOJIN3a alleTaTa aMMOHUS.

119.Hanucate B MIOHHOM M MOJIEKYJIIPHOM BHJI€ YPABHEHUS PEAKLIHUN THUIPOIU3A
(I cTtynens) HUTpUTA Kaldus U XJOpHUJIA aMMOHHUA. YKazaThb PEAKIUIO CPEJbl

(pH).
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120.HanucaTe B MIOHHOM M MOJIEKYJISIPHOM BHJI€ YPAaBHEHMS pPEaKUUN T'MIPOJIN3a
(I crynens) ¢ropuna xanus u cynbdara meau (II). Kakoit niBer mpuobperaer
METHUJIOBBIA KPACHBIN B PACTBOPAX 3THX COJICH?

KommuiekcHble coennHenust (3aganus 121-140)

121-140. Ykaxxute B KOMIUIEKCHOM CO€IMHEHUU KOMILIEKCOOOpa3oBaTelb, €ro
CTENIEHb OKHUCJIEHHUS, 3HAYEHUWE KOOPAMHALIMOHHOIO YHWCIA, JUTaHAbl, 3apsij
KOMIUJIEKCHOTO HOHAa, B TIEPBOM WWJIM BO BTOPOM KOMIUIEKCHOM COEIMHEHUU
KOMIUJIEKCHBI MOH SIBJIsieTCs OoJiee ciabbiM 3ieKkTpoiuToM. Hamuiure ypaBHEHUS
JUCCOILIMAIIMKM KOMIUIEKCHOTO coeluHeHMs. Ha3zoBUTE KOMILJIEKCHOE COEIMHEHHE.
CocTtaBbTe BbIpaXeHNE KOHCTAHThI HECTOMKOCTU KOMIUIEKCHOTO HOHA (KOMILIEKCA)

Tao6auua 4
BapuanTsbl u 3a1aHust kK TeMe « KoMILIeKCHbIE COeTUHEHUsD)
Homep BapuanTa KomrekcHoe coeluHeHne
1 2
121 K;5[Co(CN)¢] [Ni(NH;),](OH),
122 [Cu(NH;)2(H,0),]Cl, Naz[Fe(CN)¢]
123 K[AuBr,] [Co(NH;)4(H,0),]Cl;
124 Ba[Co(CN),] [Cr(H,0), (NH;3),CL,]Cl
125 Ko[Cd(CN)4] [Co(NH;)3(H,0);]Cl;
126 Na;[Co(CN),Cl,] [Cr(NH3)4(H,0),]Cl;
127 [Co(H,0), NH;CI]Cl, K[AuCly]
128 H,[PtCly] [Co(H,0); (NH3),Br]Cl,
129 K;5[Co(CN),Cl;] H,[CoCly]
130 H,[PtCly] [Co(NH3),(H,0),(NO3),]ClI
131 Na;[CoClg] [Cr(NH;);(H,0),Cl]Cl,
132 [Co(NH3),(H,0),CL,]Cl1 Na;[Fe(CN);Cl3]
133 H,[SiFq] [Cr(H,O)(NH;)5]Brs
134 K4[Co(CN),Cl;] [Cr(NH;);(H,O)Br]CL,
135 Nay[Co(CN)g] [Cr(NH;)4(H,0)C1] Br,
136 K5[Zr(OH)g] [Cr(H,0),(NH;);C1]Br,
137 K4[Co(CN)s] Na;[Fe(CN)sNO, ]
138 Cs[Ag(CN),] [Pt(H,O), (NH3)sCI]Cl;
139 [Cr(NH;)sCl]Br, Na;[CoClg]
140 [Co (H,0)4(NH;),]Cl; [Cr(NH;);(H,O)Br]Br,

OKHCINTETIbHO-BOCCTAHOBUTEIbHBIE peakuuu (3axanus 141-160)

141 .Kakag n3

IIPUBECHHBIX peakiuii

BOCCTAHOBUTEIHLHOMU:
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KHCO; + KOH =K,CO; + H,0;
Br, + HCIO +KOH = HBrO; +HCI.
PaccraBuTh K03(h(HUIMEHTH B YpaBHEHUN OKHUCIUTEIHLHO-BOCCTAHOBUTEIHLHOM
peaKkuuu, COCTaBUB JJEKTPOHHO-WUOHHBIE YpaBHEHUS. YKa3zaTh, KaKOE
BEILIECTBO SIBJISIETCS] OKUCIUTEIIEM, 4 KAKOE — BOCCTAHOBUTEIIEM.

142 Peakuus NpoTEKaET MO CXEME:
KMnO, + H,0, + H,SO, = MnSO, + O, +K,SO,4 + H,O0.
CocTaBUTh 3JIEKTPOHHO-HOHHBIE ypaBHeHUs. PaccTaBuTh K0d(PPUIMEHTH B
YPAaBHEHHH OKHCIHUTEIbHO-BOCCTAHOBUTEIBHON pEaKUMU. YKa3aTh, KaKoe
BEILIECTBO SBJISIETCA OKHUCIIUTENIEM, a KAKOE — BOCCTAHOBUTEIEM. BBIUMCIUTH
S/C.

143.CocTaBuTh 151 CXEMBI pEAKIIUH SJIEKTPOHHO-UOHHBIC YPABHEHHUS:
KI + K;,Cr,07 + H,SO4 = 1, + Cry(SOy4); + K,SO4 + H,O.
PaccraButh k03 PuIIMEHTH! B ypaBHEHUH peakiuu. ONpeaeiuTb MOJISPHBIC
MACChI SKBUBAJIEHTOB BOCCTAHOBUTEIIS U OKACIIUTES.

144.Y cTaHOBUTH HANIPABICHUE BO3MOXKHOI'O IPOTEKAHUS PEAKIINU:
Cl, + 2Br = Br, + 2CI.
Bpuucnure  3JIC, BbIIMCAB 3HAYEHUS CTAaHAAPTHBIX  OKHUCIUTEIBHO-
BOCCTAaHOBUTEJIHHBIX MOTCHIIMAJIOB U3 CIIPABOYHON TAOJIHIIBI.

145 .Peakunn mpoTEKaroT IO CXEMaM:
Zn + HNOj3pa3p) =N2O + ZnSO4 + H,0.
PaccraButh k03 ¢uULIMEHTHI B ypaBHEHHHM  peakiuu.  OnpeaenuThb
SKBUBAJICHTHYIO MAaCcCy a30THOM KHUCJIOTBI B 3TOM PEAKIUH.

146.0npenenuth HSKBUBAJIEHTHBIE MACChl OKHCIUTENS W BOCCTAHOBUTEIA B
pEaKINU:
6FeSO, + K,Cr,0;7 + TH,SO4 [ 3Fe,(SOy4); + Cry(SO4); + K,SO4 + 7H,0.

147.Y cTraHOBUTH, B KAKOM HAIMpPaBJICHUU BO3MOKHO MPOTEKAHUE PEAKIINH:
2NaCl + Fe,(SOy); -+ 2FeSO,4 + Cl, +Na,SO,.
Bpruncoute OJIC, BbIMCaB 3HAYEHUsS CTAHAAPTHBIX  OKHUCIUTEIBHO-
BOCCTAHOBUTEJIHHBIX MOTEHIIMAIOB U3 CIIPABOYHOMN TaOJIHIIBI.

148.Peakunn BeIpaKkar0TC YPaBHEHUSIMU:
1) 2FeCl; + H,S = 2FeCl, + 2HCI1 +S;
2) Fe(OH); + 3HCI = FeCl; + H,0.
Jns peakuuu, SBISIOMIEHCS OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM, PACCTABUTH
KOA(PUIIMEHTBI, COCTaBUB SJIEKTPOHHO-UOHHBIE ypaBHEHHs. Bo BTopoi
peaKkuu onpeaeNnTh 3KBUBajIeHTHYI0 Maccy Fe(OH);.

149.ITouemy cepHHCTasi KHCJIOTa H €€ COJH MOTYyT MPOSABISATh Kak
OKHCJIMTENIbHBIE, TaK W BOCCTAHOBUTENbHBIE cBoWcTBa? Ha ocHOBaHuuM
AJNIEKTPOHHO-MOHHBIX YPAaBHEHHI MO100paTh KO3()PUIMEHTH B ypaBHEHUSX
peaAKUMi, UAYIIUX IO CXEMAM:
KMnO, + K,SO; +H,0 = MnO, + K,SO, + KOH;

64



H,SO; + H,S =S + H,0.

150.YcTaHOBUTH HanpaBJIEHHE BO3MOKHOI'O TPOTEKAHUS PEAKLIUN
KMnO, + 5FeCl, + 8HCI --- MnCl, + 5FeCl; + KCI + 4H,0.

Beruncnurs S/C. 3Ha4YCHMUS OKHCJIUTEIBHO-BOCCTAaHOBUTEIBHBIX
INOTEHI[MAJIOB HAalTH B CIIPABOYHBIX TaOJIUIIaX.

151.0npenenuTs SKBUBAJICHTHBIE MACChl OKHCIUTENSI M BOCCTAHOBHUTENSA B
peakuuu
2KMnO, + 5H;PO; + 3H,SO4 = MnSO, + 5SH;PO,4 +K,S0,4 +3H,0.

152.Ha ocHOBaHMM 3JIEKTPOHHO-MOHHBIX YpPaBHEHHUI 10100paTh KO3 (ULIUEHTHI
K YPAaBHEHHUIO peaKuy (JOMHUCaTh HY’KHOE KOJIMUYECTBO MOJIEKYJI BOJIbI):

H,S + Cl, = H,SO, + HCL

153.Ha ocHOBaHMH 3JIEKTPOHHO-MOHHBIX YpPaBHEHHH Moa00paTh KO3PHUIIUEHTHI
K YPaBHEHUIO PEAKIIAHN:

KBr + MnO, + H,SO, = Br, + MnSO4 +KMnO, + H,O.
BbIuuciuTh MOJISIPHYIO Maccy SKBUBAJIEHTA OKUCIUTEIS.

154 Kakass W3 TIPUBENCHHBIX HWKE PEAKIUH SBISIETCA  OKHUCIHUTEIBHO-
BOCCTAaHOBUTENBHOM? (COCTaBUTHh COOTBETCTBYIOIIUE JJIEKTPOHHO-UOHHBIE
YpaBHEHUS:

Zn0O + H,S0O, = ZnSO, + H,0,
PbO, + 4HCI = PbCl, + 2H,0 + CL,.

155.CocraButh AIEKTPOHHO-UOHHBIE YPaBHEHHUS OKHCIIUTEIIBHO-
BOCCTAHOBUTEJIBHBIX  PEAKIMM, BBIPAXKAEMBIX  CIEAYIOIIMMHA HOHHBIMU
YPaBHEHUSIMU:

a) Fe + 2H = Fe*" + H,; 6) S + Cl, = S + 2CI..

156.Ha ocHOBaHUM 3JEKTPOHHO-UOHHBIX YpaBHEHUN MO00paTh KOI(PHUIIMEHTHI
K YPaBHEHUIO PEAKIINH
FeS +HNO; = Fe(NOs); + H,SO4 + NO,,

OnpenenuTp HaIlpaBiICHUE NPOTEKAHUS PEAKIIVH.
157.CoctaButh mONHOE YypaBHeHUEe peakuuu. Koadduments: noaoOpaTh
METOJIOM 3JIEKTPOHHO-MOHHOTO OanaHca.
MnS, + HNO; + PbO, = H,MnO,4 + PbSO,4 + Pb(NOs3),.
158.Peakuinn BeIpakaroTCs YyPaBHEHUSIMU:
MnO + 2HCI = MnCl, + H,O;
2KI + Cl, = 2KClI + 1,.
JIJIsl OKUCTUTENBHO-BOCCTAHOBUTEIBHOM peakuu KO3PPULIHUEHTHI MOA00paThH
METO/IOM IJIEKTPOHHO-MOHHOTO OanaHca (IMOoTypeakiiiii).

159.CoctaButh mONMHOE YypaBHeHUEe peakiuu. Koaddumumentst mogoOpaTh
METOJIOM 3JIEKTPOHHO-HOHHOTO OaliaHca.

FeSO, + KMnO,4 + H,SO4 = Fe(SO4); + MnSO,4 + K,SO,4 + H,O;
160.CoctaButh monHOe ypaBHeHue peakuuu. Koaddumumentst mnoaoOpaTh
METOJIOM 3JIEKTPOHHO-HOHHOTO OalaHca.
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Ag + HNO3 = AgNO3 + N02 + H2O

Koppo3us merayios (3aganus 161-180)

161.PaccMOTpeTh ANEKTPOXUMHUYECKYIO KOPPO3UIO B KHUCIIOH Cpele HU3AECHUS U3
criaBa Cu-Zn. [IpuBecTy ypaBHEHHS KATOAHON U aHOIHOW PEaKIUK.

162.Kak mportekaer atMocdepHas KOppo3us U3JACNIHS U3 Kelle3a C HUKEICBBIM
MOKPBITHEM B Clly4ae HapylleHusi repmeruyHoctd nocneaHero? Ilpusectu
YPaBHEHHS KATOJHOTO U aHOJHOTO IpoIleCcca.

163.IIpuBecTy mpUMEp METAUIMYECKOTO KAaTOMHOTO IMOKPBITUS I U3IACIUS U3
Hukelnd. COCTaBUTh YpaBHEHHsI KaTOJHOM M aHOJHOM peakuuil KOPpO3HH Mpu
HapyILIECHUU ITOKPBITUSA B 1€A3PUPOBAHHON BOJIE.

164.PaccMOTpeTh 3JIEKTPOXUMHUYECKYIO0 KOPPO3HMIO M3JENUs U3 CTAIH B KHUCIION
cpene. IlpuBecTH ypaBHEHHS KAaTOJHOM M aHOAHOM peakuuil. [IpemioxuThb
BO3MO>KHBIE CTIOCOOBI 3aILIUTHI.

165.Kak mporekaer armocdepHas KOpPpO3Usi U3JEIUS U3 Kejie3a C OJIOBIHHBIM
IIOKPBITUEM B ClIy4ae HapyILIECHHs IepMETUYHOCTH mnocienHero? Ilpusectn
YPaBHEHUSI KATOJHOU U aHOJHOW PEaKLIHM.

166.PaccMOTpeTh 3IEKTPOXMMHUYECKYIO KOPPO3UI0 m3nenus u3 cmasa Fe-Cu B
nea’dpupoBaHHOM Boje. [IpuBecTr ypaBHEHUSI KATOMHOW U aHOJHOM PEAKIIUM.

167.IIpuBecTn mpuMep MeETaIa aHOAHOTO IMOKPBITHSA ISl U3AENNS U3 HUKEIS.
CocTaBuTh ypaBHEHUS KaTOAHOM M aHOJHOM PEaKUUM, MPOTEKAKOIIUX IPU
KOPpPO3UMU JTOTO M3JAEIHS B JCadPUPOBAHHOM BOAEC MPU HAPYUICHUU
LE€JIOCTHOCTH MOKPBITHS.

168.PaccMOTpETh  BIEKTPOXUMHUYECKYIO KOPPO3UIO M3AEHUS W3 CTAIM B
nea’dpupoBaHHOM Boje. [IpuBecT ypaBHEHUSI KaTOAHOW M aHOJHOW PEAKLIHAM.
[IpennoXuTh BO3MOKHBIE CITOCOOBI 3aLUTHI.

169.1Toto6path MeTal U1t IPOTEKTOPa, KOTOPBIN JOJIKEH CIY>KUTh JIJISl 3aIlUThI
JKEJIE3HOTO M3ZENUSA OT JJIEKTPOXUMHUYECKOW Koppo3uu B Boze. [Ipusectun
YpPaBHEHMS KATOJHOM U aHOJHOM PEAKLIHUM.

170.1Ipeanoxxute aHOAHOE TOKpBITHE sl u3aenuss u3 ojoBa. (CocTaBUTh
ypaBHEHUSI KaTOJHOM M aHOJHOW PEaKIMii, MPOTEKAIOIUX MPH aTMOCHEPHO
KOPpPO3MM JTOTO M3JAEIHs B JICaPUPOBAHHOM BOJAE IIPU HAPYILICHUU
LEJTOCTHOCTH MOKPBITHS.

171.Bo3MOXKHO M  HUCIIOJB30BAaHHE MEOHBIX 3aKJICNIOK Ha  CTaJIbHBIX
KOHCTPYKILIMSIX, KOTOpBIE JKCIUTYaTUPYIOTCSI B MOpCKoil Bome? OrtBer
000CHOBATb.

172.Kakoii meTtamn 1enecooOpa3Heil BbIOpaTh I MPOTEKTOPHOM 3allWThl OT
KOPPO3UHU CBHHIIA: IMHK, MarHuid uinu xpom? Ilouemy? CocTaBUTh ypaBHEHUS
aHOJIHOTO U KaTOAHOTO MPOLECCOB aTMOCPEPHON KOPPO3HH.
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173.PaccMoTpeTh aTMOChEpPHYIO KOpPpO3WIO0 Wu3aenus w3 crand. [lpuBectu
ypaBHEHUS KaTOJHOW U aHOAHOM peakiuil. [IpeanoxkuTs BO3MOKHbBIE CIIOCOOBI
3aIUTHI.

174.PaccMOTpeTh 3IEKTPOXUMHUYECKYIO KOppo3uto u3aenus u3 ciuiaBa Fe-Cd B
JleadpupoBaHHON Bojie. [IpuBecTr ypaBHEHUS KaTOAHOM U AHOJHOW pEaKIni.

175.I1pennoxxuth KaTOAHOE TMOKpPbITHE Uil u3faenus u3 ojoBa. CocTaBUTh
YpaBHEHHS KaTOJHOW M aHOAHOM PEaKIHil, MPOTEKAIOUMX MPH aTMochepHOon
KOPpPO3UM JTOTO U3JEIHs B JICQOPUPOBAHHOM BOJE TMpPU HAPYIICHUU
LEJTOCTHOCTH HOKPBITHS.

176./]1Be MeTaUIOKOHCTPYKLMH, U3TOTOBJIICHHBIE U3 CTaJH, HKCILTyaTHUPYIOTCS B
MOPCKOW M JUCTWIJIMPOBAaHHOM BOJE. B KakoMm cilydae CKOpOCTb KOPPO3UHU
Oyner Boeime? [lpuBecTn ypaBHEHHMS KaTOAHOW W aHOMHOW pEaKIMA IS
KQKJI0M KOPPO3UOHHOM CPEIBI.

177.Kak mporekaer arMoc(epHas KOppO3Us HM3AEIUs U3 Kele3a ¢ KaJMHUEBBIM
IIOKPBITUEM B ClIy4ae HapyILIECHHs IepMETUYHOCTH mnocienHero? Ilpusectn
YpPaBHEHMS KATOJHOM M aHOJHOM PEAKLIHUM.

178.PaccMOTpeTh 31EKTPOXUMHUUYECKYIO KOppO3uto u3zaenus u3 cmiaBa Ni-Cu B
Jiea’pupoBaHHoOu Boje. [IpuBecTr ypaBHEHHs KATOAHON U AHOJHOW PEAKLINM.

179 IlpuBecTn mpuMmep MeTaila KaTOAHOTO NMOKPBITHUSA JJISI U3AENHUS U3 CTaju.
CocTaBuTh ypaBHEHHUSI pEaKIMKA KAaTOOHOTO M aHOAHOTO TMPOILIECCOB,
MIPOTEKAIOIIUX IPU KOPPO3UH ITOTO U3JEIUS B ADPUPOBAHHON BOJIE.

180./IBe »kene3Hble IJIACTUHKH, YACTHUYHO IIOKPBITBIE OJHA OJOBOM, ApPYyTras
MEJIbI0, HaXOIATCS BO BIAXHOM Bo3ayxe. Ha kakoll W3 HHMX ObIcTpee
obOpazyeTtcs p>kaBunHa? MOTUBUPOBAThH OTBET.

DJIeKTPOJIU3 PACTBOPOB coJeil (3axanus 181-200)
181-200. Yepe3 pacTBOp 3NEKTPOIHUTA MIPOMYCTHIN TOK CUIOU XA B TEUEHUE )

MHHYT. Hamumcarte ypaBHEHHs 3JIEKTPOAHBIX IIPOLIECCOB, MPOUCXOIAUIMX TPH
ANEKTPOJU3€e (MHEPTHBIM aHOJ) M yKa3aTh, KAKUE MPOAYKTHl U B KAKOM KOJIMYECTBE
OBLIIM MOJTYyYEHBI.

Taoauna 5
BapuaHTbl ¥ 3a1aHHUS K TeMe «DJIEKTPOJIH3 PacTBOPa coJIei
Ne | PacTBOp Cuna Toxa, A (x) Bpewms anextponusa, MUH
M\IT | DJIEKTPOIIUTA (y)
181 | CrCl;4 3,5 30
182 | FeCl, 2,5 40
183 | NazPO, 2,0 60
184 | Cu(NO3), 2,0 80
185 | Cry(SOy); 1,5 70
186 | Pb(NOs), 2,0 90
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187 | MnCl, 40 50
188 | AgNO; 45 20
189 | MnSO, 4,0 10
190 | K»SO, 2,5 60
191 | Zn(NO;)» 6,0 80
192 | CuCl, 2,0 40
193 | NiCl, 5,5 20
194 | FeCl; 45 30
195 | ZnCl, 3,0 90
196 | Ni(NO3), 1,5 50
197 | K,CO; 1,5 70
198 | FeSO, 9,0 30
199 | KNO, 6,0 60
200 | AI(NO); 2,5 80

l'anbBanuvecknii 3yiemeHT (3aganus 201-220)

201.Beraucnuth 3HaueHue D/1C raibBaHUYECKOTO JIEMEHTA:

(-) Mg/ MgS0O4 // CuSO4 / Cu (+).

Hanucate nponecchl Ha aHOJE W KaTOJAE, PEAKLHI0, TEHEPUPYIOIIYIO TOK, U
ompenenutre B KJK SHEPrul0 XHWMHYECKOM pEaklMH, MPEBPAIIAONIYIOCS B
AIEKTPUYECKYIO.

202.Paccuntath OJIC rajgpBaHMYECKOrO JJEMEHTAa, COCTABJIICHHOTO W3

CTAHJAPTHOTO  BOJIOPOJIHOTO  DJIEKTPOJla U  CBUHILIOBOIO  JJIEKTPOJA,

norpyxkennoro B 0,01 M pactop PbCl2. Ha kakom snektpoae unér mporecc

OKHCJICHHS], @ HA KAKOM — BOCCTAHOBJICHHUS?

203.ITo  ypaBHeHUIO  TOKOOOpa3ywolled  peakuuu  COCTAaBUTh  CXEMY
rajbBaHMYECKOI0 PJIEMEHTA!

Ni + CuSO4 = NiSO4 + Cu.

Hanucate ypaBHEHMST aHOOHOTO M KaTOAHOTO ImpoueccoB. PaccuuraTh
cranaaptayto /C.

204. CoctaBuTh CXe€My TallbBAHUYECKOTO OJJIEMEHTa W3 MArHus W CBHUHIA,

MOTPYKEHHBIX B PACTBOPHI UX COJIEM C KOHIEHTpauuel MoHOB: [Mg2+] =

0,001 woms/n, [Pb2+] = 1 wmonp/n. Hamucarh ypaBHEHUS peakiuii,
MPOTEKAIONMX Ha Kartoje W aHoje. Paccumrath cranmaptayto JJIC storo
DJIEMEHTA.

205.Kak u3MmeHuTCs (YBEIWUYUTCS, YMEHBIIUTCS) WM OCTAHETCS MOCTOSHHON
Macca IJIaCTUHBI U3 KOOallbTa, MOTPYKEHHON B pacTBOP, coaepskamuii conu Fe
(1), Mg, Ag (I)? Hanucath MONEKYJISIPHBIE YPABHEHUS PEAKIIUIA.

206. CoctaBuTh CXE€My TajJbBaHUYECKOTO JJIEMEHTA, YPAaBHEHUS IOIYpEaKIUn
AHOAHOTO M KAaTOAHOTO IIPOLECCOB, MOJIEKYJSIPHOE YpPaBHEHUE pEAKLNH,
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OpOXOJAIIe mpu paboTe TalbBaHWYECKOTO JJIEMEHTa, aHOJAOM KOTOPOTO
apusiercss  Hukenb. [logoOpate wmarepman nns  karoga. PaccuuraTh
ctanaapTHyto DJ{C 3TOro ranbBaHUYECKOIO AIEMEHTA.

207.Cxema ranpBanuuyeckoro siementa: Al/Al2(SO4)3//AgNO3/Ag. VYkazarb
aHOJ W KaToJl, HAIMCaTh S3JIEKTPOJHBIE MPOLECCHl, CYMMAapHOE YpPaBHEHUE
PEAKLIMM U PACCUUTATh JJICKTPOABIXKYIIYIO CHIIy 3jeMeHTa npu 298 K, ecin
[AI3+] = 0,0001 momb/m1, [Ag+] = 0,1 Momb/m.

208.CocTaBUTh CXEMBI ABYX TaJbBAHMYECKHX HJIEMEHTOB, B OJHOM M3 KOTOPBIX
ATIOMUHUNA OyJleT KaTrojoM, a B JPYyroM - aHojaoM. HamucaTh 3yeKTpoJHbIC
IIPOLIECCHI, CYMMApHOE YpaBHEHHE IpOIIeCcca.

209.Kakue  mpoueccsl  MMEKOT  MECTO y  DJJEKTPOJOB  MAarHMEBOTO
KOHLIEHTPAMOHHOTO TajJbBaHUYECKOTO0 3JIEMEHTa, €CIM Yy OJHOro U3
AJIIEKTPOJIOB aKTUBHOCTh MOHOB Mg2+ paBHa 1 monw/in, y apyroro — 0,001
MOJIb/JI. B KakoM HampaBlieHWU JBHXKYTCS AJIEKTPOHBI BO BHEIIHEW Ienu?
Kakosa 2JIC 3Toro anemenTa?

210.1Tpu xakoMm ycnoBuu Oyner padoTaTh rajJbBaHUUYECKHUI AJIEMEHT, 3JIEKTPOJIbI
KOTOPOTO CHEJaHbl U3 OJHOTO M TOoro e wmetamia? COCTaBUTh CXEMY,
HaIUCaTh AJIEKTPOHHBIE YPABHEHUS SJIEKTPOJHBIX MPOLECCOB M BBIYUCIUTH
OJIC ranbBaHUYECKOrO 3JIEMEHTA, B KOTOPOM OJWH HHUKEJIEBBIA 3JEKTPO]
Haxonutca B 0,001 M pactBope cynb(ara HHKENS, a JAPYroil Takol xe
anektpon — B 0,01 M pactBope.

211.CocTaBUTh CXEMy, HamucaTb >JICKTPOHHBIE YpPAaBHEHHUS AJIEKTPOAHBIX
npoueccoB M BbMUCIUTh DJIC raapBaHUYECKOrO SJIEMEHTA, COCTOSIIETO W3
CBHUHIIOBOM M MarHuMeBOW IUIACTHH, OMYIIEHHBIX B PAcTBOPhI CBOMX COJIEH C
KoHieHTparuen [Pb2+] = [Mg2+] = 0,01 mons/n. U3menutcs au DJIC sToro
AJIEMEHTA, €CJIM KOHUEHTPALUIO KAXKJIOr0 U3 MOHOB YBEIWYUTh B OJIMHAKOBOE
YHCIIO pas?

212.CocTaBUTh CXEMBI JABYX TaIbBAHUYECKUX JJIEMEHTOB, B OJHOM U3 KOTOPBIX
HUKEJIb SIBJIAETCS KaToJIOM, a B APYroM — aHojoM. HanucaTs 151 Kaxaoro us3
ATUX 3JIEMEHTOB 3JICKTPOHHBIE YPABHEHHMS PEAKIM, TPOTEKAIOIINX HA KATOJE
U aHOJE.

213.Kene3nas u cepeOpsiHasi MJIACTUHBI COCTUHEHBI BHEITHUM IMPOBOJHUKOM U
NOTPYKEHbI B PacTBOp CEpHOU KHUCIOThI. COCTaBUTh CXEMYy JaHHOTO
raJIbBAaHUYECKOTO AJIEMEHTA U HAIMCATh AJEKTPOHHBIE YPABHEHHUSI MPOIIECCOB,
MIPOUCXOJIAIINX HAa aHOJIE U KaTO/IE.

214.CocTaBUTh CXE€My, HaIlMCaTh >JEKTPOHHBIE YPAaBHEHUS DJIEKTPOIHBIX
npoueccoB U BeUUCIUTh DJIC raapBaHWYECKOrO 3JIEMEHTA, COCTOAIIETO W3
MJIaCTUH KaJMHUSI M Mar"us, OIYUIEHHBIX B pPacTBOPbl CBOUX COJIeH C
koHneHntparuet [Mg2+] = [Cd2+] = 1 monb/n. U3menutcs nu 3nadenue DJ1C,
€CJIM KOHIICHTPAIIUIO KaXI0T0 U3 HOHOB MOHU3UTH 710 0,01 Monb/n?
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215.CocraButp  cxeMy u  paccuutath  J/IC  KOHLEHTPUPOBAHHOIO
raJIbBAHUYECKOTO 3JIEMEHTA, COCTABIEHHOIO M3 JIBYX KEJIE3HBIX AJIEKTPOJOB,
IIOIPYKEHHBIX B PAacTBOpP COJIM jkeye3a ¢ KoHueHtpauumsamu | M u 0,01 M.
Hamncats ypaBHEHUS 2JIEKTPOJHBIX PEAKLIUM.

216.B  rajbBaHMYECKOM  DJIEMEHTE  IIPOTEKAaET  XHMMHYECKas  peaKius
Zn+NiSO4=ZnSO4+Ni. Hanucatp ero cxemy M YpaBHEHHsS SJCKTPOIHBIX
peakumii. Beranciute 3/IC 3TOro sneMeHTa mpu CTaHAAPTHBIX YCIOBHUSX.
Kaxoit meTann BMecTo HUKEIs MOKHO B3$SITh, UTOOBI yBeAUUTh DI C?

217.CocTaBUTh CX€MY raJlbBAaHHYECKOI'O 3JIEMEHTA, COCTOSIIETO U3 CTaHAAPTHOTO
BOJOPOJHOIO 3JIEKTPOJAa M PTYTHOro 3nekrpona. Paccumrare ero 3/C npu
[Hg2+]=0,1 M. HanucaTh ypaBHEHUS SJICKTPOTHBIX PEAKIIUAMN.

218.CocTaBUTh CXe€My TajJbBaHHUYECKOIO 3JIEMEHTA, COCTOSLIEr0 M3 MEIHOIO
ANEKTPOJIa, MIOIPY>KEHHOT0 B PacTBOp coiu Menu ¢ koHuneHrpauuen 0,01 M, n
JKEJIE3HOTO  DJJIEKTPOJA, INOTPY’KEHHOIO B  pacTBOpP COJNM  Kele3a C
koHueHnTpamuen 0,1 M. HammcaTte ypaBHEHMS DIEKTPOAHBIX PEAKLIHMN.
Berunciute 3/1C rajibBaHUYECKOTO JIEMEHTA.

219.TpebyeTcsi COCTaBUTh CXE€Mbl TaJIbBAHMYECKUX JJIEMEHTOB, B OJHOM W3
KOTOPBIX Me/lb ObLIa Obl KATOJIOM, a B APYTOM — aHOJIOM, 3alucaTh ypaBHEHUS
KaTOAHBIX M aHOJHBIX IporeccoB, paccuutarb OJC IpU KOHIEHTpALMIX
KaTHOHOB Meau U BToporo meraiia 0,1 Mons/a u 0,2 MoJIb/J1 COOTBETCTBEHHO,
yKa3aTh HalpaBJICHUE IBUKEHUSI SJIEKTPOHOB U 3JEKTPUYECKOrO TOKA.

220.CoctaBuTh cxeMy TanbBaHuueckoro osiemenra (I['D), obOpa3oBaHHOTO
LIUHKOBBIM 3JIEKTPOAOM, MOTPYXEeHHbIM B 1 M pacTtBop Xjopuia LMHKA, U
XPOMOBBIM 3JIEKTPOJIOM, MOrPyKeHHbIM B 1-10° M pacTBOp XI0pHaa Xpoma
(III). Paccumrars OJC o>neMeHTa, HamucaTh YpPaBHEHUS BJIEKTPOJIHBIX
MPOIIECCOB U CYMMAapHOM TOKOOOPA3yIOIe peaKiluu.

KecTtrocTs Boabl (3aganus 221-240)
Paccuntate Maccy yMmsaruuresns, HEOOXOIMMOTO JJisi YMSITUCHHS X JI BOJIBI,

KECTKOCTh KOTOpOI>'I y. Brerauciauth JKCCTKOCTDb, 3HAd MAaCCy YMATYUTCIIA.

Hanucare peakiuro ymsrdeHuss B MOJIEKYJSIPHOM YW HMOHHO-MOJIEKYJISIPHOU

dhopMe ¢ KECTKOM COJIBIO.

Taoauna 6
Bapuanrtsl u 3a1aHud K Teme «7KecTKOCTh BOABD)

Kectkocth | Macca
O6beMm
’Kecrtkas coib VYMAryuTens | BOJEL, YMSTYUTES,

n/n BOJBI, J1

MDIKB/J r
221 | 150 XJIOPU Kanblust | Oypa paccuutatry | 10,1
222|200 HUTPAT KIS coaa 10 paccuuTarhb
223 300 XJIOpHJI MarHus cojza 15 paccuuTaTth
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224 1400 HUTPAT MarHus oypa 5 paccuuTaTth
225 | 550 cynbdar Maraust | Oypa paccuutath | 50
226 | 600 TUAPOKapOOHAT ramieHas 5 paccuuTarhb
KaJbIUs U3BECTh
227 1500 HUTpAT KalblUs | coaa 15 paccunTarh
228 350 XJIOPUJT KAJIbIIUS cojza 10 paccuuTaTth
229 200 XJIOpUJ KaJbliusl | Oypa paccuuTath | 34
230 | 100 cynb(dar maraus | coma 5 paccuuTaTthb
231 | 300 HUTPAT MarHus Oypa paccuntath | 50
232 1400 ruapokapOoHaT ranieHas 20 paccuuTaTth
MarHus U3BECTh
233 800 HUTPAT MarHus cojza Paccuurate | 60
234 1400 xJjopua Kanbiust | optodocdar | Paccuurars | 20
KaJIust
235 | 750 ruapokapOoHat ramieHas 10 paccuuTaTth
KaJIbIIHS U3BECTh
236 | 500 XJIOpHU Kanblus | Oypa paccuutath | 48
237 1200 XJOPHJT KAJIbIIUS coma 10 paccuuTaTth
238 | 100 HUTPAT MarHus cona 10 paccuuTarth
239 | 700 XJIOpHJI MarHus Oypa paccuntath | 80
240 | 650 XJIOPUJ MarHus oprodochar | paccuuratb |46
HATPUS
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HNPUJIOKEHUE Ne 2. SK3AMEHALIMOHHBIE BOITPOCHI 11O
JANCHUIIJIMHE

1. Pa3memenune »s5exkTpoHOB B aromax. [Ipunnunel Ilaynu, HanMmeHbIIEH
sHepruu. [IpaBuno XyHna. COMHBAIEHTHOCTh M CTENIEHU OKUCIICHHUS B HOPMAJIbHOM
1 BO30YXJeHHOM cocTosiHusX. [lokazaTh HAa mpuMepe aToMa Maprasiia.

2. DAEKTPOIU3 BOJIHBIX PACTBOPOB JICKTPOJIUTOB C MHEPTHBIM aHOJIOM.

3. OCHOBHBIE CBEJICHHS O CTPOEHUH aTOMOB. KBaHTOBBIE UKCIIa 3JIEKTPOHA.

4. Jlucconmanus KOMIUIEKCHBIX COEIMHEHUN U KOMIUIEKCHBIX MOHOB. 3alUCaTh
BbIpaxkeHue Kygcr KoMIUIEKCHOro uoHa; OmnpenenuTs KOOPAMHAIMOHHOE YHCIIO
KOMILIEKCOOOpa30oBaTersi.

5. OO01as xapakTepUCTHUKA METaNIOB. MeTO/ bl OJIy4eHUSI METAILIIOB.

6. Ilpoueccel, mnpoTekarollMe HA KaToA€ W AaHOJIE TMpPHU KOPPO3UHU
OLIMHKOBAHHOT'O JK€JIe3a B KUCJIOU U HEUTPAJIbHOM Cpele.

7. CBHUHIIOBO-MEIHBIM TaJbBAHUYSCKHUM JJIEMEHT, KaTOAHBIM M aHOJHBIM
npotecchl pu ero padore. Beruncnenne 2/(C.

8. VYpaBHATh OKHCIUTEIBHO-BOCCTAHOBUTEIBHYIO peakuuio. OnpeaenuThb
SKBUBAJICHTHBIE MACChl OKUCIIUTEIS] U BOCCTAHOBUTEJIS.

9. Paccuutrath  MOJSPHYIO, MOJBUIBHYIO, MOJSIDHYIO  SKBHUBAJICHTA
KOHUEHTpauu, TuTp. Paccuurats Pocym., AP, Atgur., Atsam

10. Jlerkne KOHCTpYKIMOHHBbIE MeTaubl. AmoMmuHui. CTpoeHne aroma
anmoMuHug. OcoOEHHOCTH CBOMCTB, MOJYYEHUE U IPUMEHEHHE aTFOMUHUSI.

11. YpaBHATH peakiuio, ONPENEIUTh SKBUBAICHTHBIE MACChl OKUCIWTENS U
BOCCTaHOBUTEJIS.

12. Koppo3us J1y’>KEHOTO0 kKeje3a B HEUTPAIbHOM U KUCIION Cpeaax.

13. KommiekcHble coequaenns. KoHcTaHTa HECTOMKOCTH KOMIUIEKCHOTO MOHA.
Y CcTOMYMBOCTh KOMIUIEKCHOTO HOHA.

14. DnekTponu3 BOJHOIO pPacTBOpa 3JIEKTPOJIUTA C AKTUBHBIM AHOJIOM.
PadpunupoBanue meramioB. PaccMoTpeTh Ha mpuMepe XJI0opuia IIUHKA.

15. KoBanenTHas cBsi3b. CBOMCTBA KOBAJIEHTHOW XUMUYECKOMN CBSI3H.

16. NoHHas cBs3b.

17. Mertannuueckas CBS3b.

18. BonoponHas cBsI3b.

19. CkopoCTh XMMHUECKOW PEAKIIMM B TOMOT€HHOW M TETEPOT€HHON CUCTEME.

20. 3akoH nencTBUs Macc. 3aBUCUMOCTb CKOPOCTH XMMHUYECKOW PEAKIMHU OT
KOHLEHTPAIMU PEArNPYIOLINX BEILIECTB.

21. OcMOTHYECKOE TaBIICHUE PACTBOPOB AJIEKTPOJIUTOB. 3akoH Bant-I'odda.

22. Onpenenutrs DJIC XMMUYECKOTO TrajlbBaHMYECKOTO 3JeMeHTa: B kakom
HaIpaBJICHUH OyIyT MepeMeNIaThCs JIEKTPOHBI BO BHEIIHEH 1€ TPU paboTe 3TOro
aIeMEeHTa?

23. OCHOBHBIE TPEACTABICHUS O KOBAJEHTHOM CBsi3M. METOJl BaJICHTHBIX
CBsI3EM.
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24, Koppo3usi CTalbHOW KOHCTPYKIIMU (JKeJIe3a) MOKPHITOW cepeOpoM mpu
HapyILIEHNUHU HEJIOCTHOCTH MOKPBITUS B KUCIION CpeJie.

25. Koppo3ust ctajibHOM KOHCTPYKIMU (Keje3a) MOKPHITON allOMUHHUEM MpU
HapyLIEHUU LETOCTHOCTH HOKPBITHS B HEUTPAIIBHOU CpENE.

26. DIEeKTpOXUMHYECKass KOppo3usi MeTamuioB. Kopposus kenes3a, MOKpbITOro
AJTIOMUHHUEM B KHUCIJIOU CpEJIE.

27. llpunuun Jle Hatense. Onpeaenuts HaIpaBIeHHE CMENIEHUSI PABHOBECHS
00paTUMOi peakIuu Mpy yBEIUUYCHUH JIABJICHUS, YBEJIMUECHUN 00bEMA.

28. OKHUCIUTENbHO-BOCCTAHOBUTENBHBIE peakiuuu. COCTaBIECHUE YpaBHEHUI.
BrIunciieHre SKBUBAJICHTHBIX MAacC OKHMCIIMTENS U BOCCTAaHOBUTENS. PaccMOTpeTh Ha
npuMepe B3aMMOICHCTBHS IIMHKA C Pa30aBIIEHHON M KOHIIEHTPUPOBAHHOM CEpHOM
KHUCJIOTOMU.

29. 3amucaTh D3JEKTPOHHYIO (OpMyidy, OIpEeNeauTh CIUHBAJICHTHOCTD,
CTEIIEHU OKHUCIJICHUS U THII CEMEWCTBA aTOMa MeTajlla.

30. Xumunueckas KHHETHKA. 3aKOH JAeucTByromux wmacc. lIpaBmmo Banrt-
Todaoa.

31. KoncranTa paBHoBecus. [Ipunnun Jle [lartense.

32. KowmmiekcHeie coenuHenus. Krnaccuduxamuss ©u  HOMEHKIATypa
KOMIIJIEKCHBIX COE€IUHEHU.

33. Jluccoumanus KOMIUICKCHBIX coeauHeHMi. KOHCTaHTBhI HECTOMKOCTH WU
YCTOMYMBOCTU KOMILJIEKCHBIX HOHOB.

34. DyeKTponn3 BOAHBIX PACTBOPOB 3JIEKTPOJIUTOB C HEPACTBOPUMBIM aHOJOM.
Paccmotpets Ha mpumepe pactBopa Hutpata meau (II).

35. Xumnueckoe paBHoBecue. [Ipunmun Jle [llatense. B kakoM HampaBieHUN
CMECTUTCSI paBHOBECHE OOpaTHUMOM XHWMHYECKOW pEAKUUU TMpU TOBBIILICHUU
JABJICHUS, IPU YBEIMUYECHUH TEMIIEPATyphl?

36. Tsoxenble KOHCTPYKIIMOHHBIE MeTauibl. XpoM. Mapranern. OcoGeHHOCTH
CBOMCTB, HaX0X/ICHNUE B IPUPO/IE, BBIJICICHNE B CBOOOHOM BUE U UCIIOJIb30BaHUE.

37. Boanbie pacTBOpbl 31eKTpoJuTOB. Ctenens auccounanuu. Koncranta
JUCCOLIMALIY CJIa00ro 3JIEKTPONIUTA. 3aKOH pa3BeneHuss OcTBanbpia.

38. OU3UKO-XUMHYECKHE CBOWCTBA PACTBOPOB AJIEKTPOJIUTOB. 3aKOHBI Payns n
BanTt-T'odda 11t pacTBOPOB 37EKTPOIUTOB.

39. KowmmiekcHble coeauHeHus. Jluccoumarus — COJM,  JIUCCOIMAIIMS
KOMILJIEKCHOIO HMOHA. 3amucaTh BbIpakeHHe KOHCTaHThl Hectoiikoctu (KH).
KoopaunannoHHoe 4ucio KoMIjiekcooopazoBareis (K.4.).

40. XwMmuueckuil raiapbBaHWyeckuili snemeHT. Paccumrare OJIC, ykazatb
IIPOLIECCHI, MPOTEKAIOIINE HA KAaTOJE U aHOJIE BO BHYTPEHHEW LIETIH.

41. HWonnble peakuuu B pacTBopax. VOHHOE mNpOW3BEICHHE BOABI U
BOJIOPOJIHBIN MMOKA3aTENb.
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42.  DOnekTpoAHble  MOTEHUMaNbl. PsAa  CTaHAAPTHBIX  3JIEKTPOJIHBIX
noTeHIanoB. YpaBueane Heprcra. Knaccubukamus ranpBaHUYECKUX SJIEMEHTOB.
OJIC. Honsipu3zanust 3JI€KTPOJIOB raJIbBAHUYECKUX FJIEMEHTOB.

43, Juccounanus KOMIUIEKCHBIX COeIUHCHUN Nay[Co(CN)6];
[Co(H20)2(NH3)2CI2]Cl. 3anucaTth BblpakeHue KoHCTaHThl HecToikocTu (KH).
Yemy paBHO KOOPAMHALIMOHHOE YHCIIO (K.4.) KOMIUIEKCOOOpazoBaTes?

44. PaccunTaTh MacCOBYIO J0JIIO (B %) BellleCTBa B BOJHOM PacTBOPE.

45. CBuHIIOBBIN akKymyJiaTop. [IpuHnun nerictBus, ycrpoictBo, I/C.

46.21eKTpoNn3.DNEKTPOJIA3 PACTBOPOB C PACTBOPUMBIM M HEPACTBOPUMBIM
aHOJOM.

47. Beixon no Toky. 3akonsl Dapajes. [I[pumeHenue 3nexkTponusa.

48. Hammcarp osnexkTpoHHBIE (QOpMYyNIBI 0JI0Ba W KoOanmbTa. YKasarh
BaJICHTHOCTh M CTENEHU OKHUCIICHHUS B HOPMAJIbHOM M BO30YKIEHHOM COCTOSIHMSIX
aTOMOB IIEPEYUCIICHHBIX 3JIEMEHTOB.

49. XKecTkocTh BOJBI. Buabl KeCTKOCTH: 00Ias, MOCTOSIHHAs, BpEMEHHas.
Mertonbl e€ ycTpaHeHus (yMIT4eHus).

50. Tspxenble KOHCTPYKIMOHHBIE MeTauibl. OnoBo. Ceunen. OcoOeHHOCTH
CBOMCTB, HAX0XJCHUE B IIPUPOJIE U UCIIOJIb30BAHUE.

51. Dmnexktponn3 pacTBOpa M paciuiaBa XJopujia HaTpus. DIEKTPOJIbI
WHEPTHBHIE.

52. ITouemy xsopup osoBa (II) MokeT MPOSBISTH KaK OKUCIUTENIbHBIC, TaK U
BOCCTAaHOBUTENbHbIE cBOMcTBa? (CoOCTaBpTE€ YpaBHEHUS peaklUHil. YpaBHSITE
METOJIOM 3JIEKTPOHHOTO OanaHca. OnpeennuTe YKBUBAJICHTHbIE MAaCcChl OKUCIUTEINS U
BOCCTAHOBUTEJIS.

53. Dnektpoxumuueckas Kopposus. OCHOBHbIE (aKTOpPbl WU NPUUYUHBL,
BBI3BIBAIOIINE KOPPO3UI0. MEeTOIbI 3alIUThI OT KOPPO3HUHU.

54. ®Ou3nyecKkue U XMMUYECKHUE CBOMCTBA METAILIIOB.

55. B3anMoIeCTBUE METALIOB C KUCJIOPOJIOM, BOJIOW, KUCIIOTAMHU, IIEJIOYAMU.

56. Kopposus MetaimioB. OCHOBHBIE BUBI KOPPO3UH. XUMUYECKAST KOPPO3USL.
DIIeKTpOXUMHUYECKas Koppo3usi. KoHTakTHas Koppo3us

57. CoctaBuTh ypaBHEHMS OJJIEKTPOAHBIX MPOLECCOB, MPOTEKAKOIIUX IIPU
AJIEKTPOJIN3€E BOJHOIO pacTBOpa Cyib(ara HaTPHsl C UHEPTHBIMU 3JIEKTPOIAMH.

58. Temmeparypa KumeHus ¢ 3aMmep3aHusi pa30aBIICHHBIX PACTBOPOB
AIEKTPOJIUTOB. 3aKOHBI Pays.

59. Bopgnwie pactBopbl. OOIas XapakKTepUCTHKA M CHOCOOBI BBIPAKCHUS
COCTaBa PacTBOPOB (KOHILICHTPALINH).

60. 3ammura Kopmyca CyJIHa OT KOPPO3UU ILIMHKOBBIMH MPOTEKTOPAMHU.
[IpuBenuTe ypaBHEHHMs, IPOTEKAIOIINX IPOLIECCOB B KUCIION CpeJie.

61. DHepretnka XMMHUYECKHX MPOLECCOB U XUMHUYECKOE CPOJCTBO. 3aKOH
I'ecca. Tepmoxumudeckue pacyeTbl. DHTponusi, sHeprus ['nddca m e€ n3MeHeHue
IIPU NPOTEKAHUH XUMUYECKHUX ITPOLIECCOB.
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62. [lepnoAMYHOCTh CBOMCTB XUMHUYECKHUX 3JIEMEHTOB. DHEPIusi MOHU3AIUH,
CPOJICTBO aTOMa K AJIEKTPOHY, AJIEKTPOOTPUIIATEILHOCTh 3JIEMEHTOB.

63. Ilpouecc ropenus TommBa. PaccMOTpeTh Ha mpuMepax rOpeHus yris u
alleTHIICHA
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MMPUJIIOKEHUE Ne3. CIIPABOYHBIE TABJINLIbBI

Tabnuua 7
PacTtBopuMOCTh THAPOKCHIOB U cojiel B Boae, I' / 100 r pacTBopuTens

AHUOHBI

CH;

CO
O

S? | SO,% | SO, | NO; | PO, | CO5? | SiO5? | -

Br | I

M

P

H

OH |F | Cl

H

H

H

Karuno

HbI

a

NH,"
N
Ca2+
Ba2+
A13+

C r3+
7 n2+
M n2+
C 02+’
N i2+
F ez+
F e3+
C d2+

Cu2+
Sn**
Pb2+
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Tadauua 8
OTHocHTebHAS 3J1eKTPOOTPULATENbHOCTD 3JIeMeHTOB OJ0 (mo
IHoauury)

Mepox ['pymnmibl
I 11 111 1Y A% VI VII | VIII

1 H He
2,10 -

2 L1 Be B C N 0] F Ne
0,97 | 1,47 (2,01 2,50 |3,07 |3,50 |4,01 -

3 Na Mg | Al Si P S Cl Ar
1,00 (123 (147 |1.74 2,10 |2,60 |2,83 -

4 K Ca Sc Ti \Y Cr Mn |Fe Co Ni
091 |1.04 (1,20 |1,32 |1,45 |1.56 |1,60 [1,64 |[1,70 | 1,75
Cu Zn Ga Ge As Se Br Kr
1,75 | 1,66 |1,82 (2,02 |2,20 |2,48 |2,74 -

5 Rb Sr Y /r Nb Mo |Tc Ru Rh Pd
0,89 (0,99 (1,11 |1,22 |1,23 |1,30 |1,36 | 1,42 |1,45 |1,35
Ag |Cd |In Sn Sb Te I Xe
1,42 | 1,46 (1,49 [1,72 | 1,82 |2,01 |2,21 -

6 Cs Ba N Hf T W Re Os Ir Pt
0,85 [0,97 1,23 | 1,33 |1,40 | 1,46 | 1,52 | 1,55 | 1,44
Au |Hg |T Pb Bi Po At Rn
1,42 (144 (144 |1,55 | 1,67 | 1,67 |[1,90 -

7 Fr Ra ok *nmanTanouas! 1,08 — 1,14
0,89 10,97 **akTuHouab! 1,00 — 1,20

77



Taoauna 9

HopmaJsibHble (CTaHAapTHBIE) JIEKTPOAHbIEC NOTEHIMAJbI B BOJIHBIX

pacrBopax ¢°, B

DIJIEMEHT DIIEKTPOIHBIN MPOLECC 0°, B
Ag [Ag(CN),] +e¢ =Ag +2CN° -0,29
Ag +e =Ag +0,80
Al AlO, +2H,0 + 3e = Al + 40H -2.35
Al +3e = Al ~1,66
As H;AsO, + 2H" + 2e — HAsO, + 2H,0 +0,56
AsO,” + 2H,0 +2e — AsO, +40H" -0,77
Au Au’ +3e = Au +1,50
Au' +le =Au +1,69
Ba Ba’ +2¢ =Ba -2,90
Bi Bi’" +3e = Bi +0,21
Br Bryi +2e =2Br +1,07
HOBr+H' +2¢ =Br +H,0 +1,34
Ca Ca” +2e=_Ca —2.87
Cd Cd* +2e =Cd —0,40
2C10; + 12H" + 10e = Cl, + 6H,0 +1,47
ClO, +2H" + 2e = ClO; + H,0 +1,19
Cl ClO; + 6H + 6e =Cl + 3H,0 +1,45
Cl, +2e =2CI" +1,36
HCIO, + 2H" + 2e = HCIO + H,0 +1,64
HCIO+H' +2e=Cl + H,0 +1,49
Co Co”" +2e =Co —0,28
Co”" +le = Co™ +1,81
Cr Cr" +3e =Cr —0,74
CrO;~ + 4H,0 + 3e =Cr(OH); + 50H —0,13
Cr,0,° +14H"+ 6e = 2Cr’" +7H,0 +1,33
Cu”" +2e¢=Cu +0,34
Cu Cu™ +le=Cu’ +0,15
Cu + le=Cu +0,52
F F, +2e=2F +2.87
Fe Fe*" +2¢ = Fe —0,44
Fe’" + 3e = Fe —0,04
Fe’" + le = Fe™ +0,77
H H, + 2e=2H" +2.25
2H +2e=H, 0,00
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Hg,”" + 2e =2Hg +0,79
Hg Hg™* +2e = Hg +0,85
2Hg™" +2e =Hg,”" +0,92
L, +2e=21 +0,54
[ 210, + 12H" + 12e = I, + 6H,0 +1,19
2HOI + 2H" + 2e =1, + 2H,0 +1,45
K K" +le=K ~2.92
Li Li"+ le=Li 3,04
Mg Mg~ +2e = Mg -2,36
MnO, + le = MnO,*~ +0,56
MnO, + 2H,O + 3e = MnO, + 40H" +0,60
Mn MnO, + 8H™ + 5¢ = Mn”" + 4H,0 +1,51
MnO, +4H" + 2e = Mn”" + 2H,0 +1,23
NO; +H,0 +2¢=NO, +20H" +0,01
N NO; +2H" +2e =NO, + H,0 +1,94
NO; +3H" + 2e = HNO, + H,0O +0,94
NO; +7 H,0 + 8¢ =NH;-H,0 + 9 OH™ —0,12
Na Na" + le =Na 2,71
Ni Ni** + 2e = Ni —0,25
0, + 2H™+ 2e = H,0, +0,68
0, + 2H,0 + 4e = 40H +0,40
@) O, + 4H '+ 4e = 2H,0 +1,23
H,0, + 2H'+ 2e = 2H,0 +1,78
P H;PO, + 2H' + 2e = H;PO; + H,O —0,28
Pb Pb*" + 2e =Pb —0,13
PbO, +4H" + 2e = Pb*" + 2H,0 +1,46
Pb"" + 2e =Pb*" +1,69
PbO, + 4H" +SO,” +2e = PbSO,+ 2H,0 +1,68
Pt Pt*" + 2e = Pt +1,19
S S +2H" +2¢ = H,S +0,17
SO, +10H" +8e = H,S + 4H,0 +0,30
S,0¢" +2e=2S0," +2,01
Se Se +2H" +2e = H,Se —0,40
Sn Sn*" +2e = Sn —0,14
Sn*" +2e = Sn** +0,15
Te Te +2H" +2e = H,Te -0,72
Zn Zn0,” +2H,0 +2e=Zn + 40H ~1,22
Zn"" +2e=17n +0,76
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Taoauna 10
P51 cTaHIapPTHBIX 3JIEKTPOAHBIX MOTEHINAJIOB METAJLJIOB

DeKTpo DneKTpo

Oxkucnennada | BoccraHoBineH- EO B Oxucnennad | BoccranoBieHHas EO B
dopma Has popMma ’ dopma dopma ’
Li’ Li 3,05 | Cd” Cd -0,40
K" K 2,93 | Co*” Co -0,28
Ba™ Ba 291  |Nit Ni -0,25
Ca™ Ca 2,87 | Sn* Sn -0,14
Na* Na 2,71 | Pb* Pb -0,13
Mg~ Mg 2,36 | 2H' H, 0,00
Be™ Be - 1,85 |[Cu™ Cu +0,34
Al Al 1,66 | Hgy 2Hg +0,79
Mn** Mn 1,18 |Ag Ag +0,80
Zn~ Zn 0,76 | Hg™ Hg +0,84
Cr’ Cr 0,74 | Pt Pt +1,20
Fe™ Fe 044 |Au” Au +1,50
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